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Impact of Refractive Error Correction on Mental and Visual Development in
Children with Global Developmental Delay

ABSTRACT

Introduction: Primary cause of GDD is irreversible, but secondacyors like visual
defects, auditory factors etc., are amenable #irtrent, and benefit from intervention
(Bader 1980). According to a study by Salt (2014j, the various ocular
manifestations, refractive error was the most comif@®-60%). There is a dearth of
studies on the quantification of DQ improvementbemavioral improvement, due to

visual improvement. Hence, the study was attempted.

Objectives: To study the impact of early Refractive Errors eotion, on Vision,
Developmental Quotient (DQ) and their determinant&DD children of age 1 to 5

years.

Methodology: Subjects of age one to five years, having GDD w&tfiactive error
were considered for the study. DQ and vision westemated, after complete ocular
examination including anterior segment examinatiomscle balance and dilated
fundoscopy was done. Spectacles were prescribedr akfraction testing.
Reassessment at follow up was done after six mofahsVisual acuity and
Developmental Quotient estimation. Post-test behawof the children was assessed

using Questionnaire.

Chi square test was used to test significance ahgh by explanatory variables.
Statistical Package for Social Sciences (SPSS)sider22.0 was used for data

analysis.

Results: Refractive error in both younger and older age gsowas significantly

different. Refractive errors were higher in theeseviD group (43%) as compared to
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mild group (18%) in age group less than 2.5 yedisual improvement was 50% in
term, as compared to 23% in preterm born childiles,differences were statistically
significant. Hyperopes and myopes were observedli¥h and 21%, respectively.
However, visual improvement in myopes was seerbi(i71%) children, as compared
to 29 (41%) in hyperopes (p< 0.041). Overall, 4P/hildren improved in vision

significantly. Mild ID group exhibited maximum imgvement (69%), as compared to
moderate ID (49%). Improvement in social behaviwas more in mild ID group, as
compared to moderate. Overall DQ improved signifilyain 14% of children after

six months.

Conclusion: The neurological cases are on increase in Indi@ssihg need for
awareness among the treating Paediatricians andh@lpiologists, regarding early

ophthalmic care.

Study concludes that the Global Developmental Delgidren must be subjected to
Refractive Error correction through spectaclesraearly age for a better functional

life.

Keywords: Global Developmental Delay (GDD), Refractive ErrqiRE),

Developmental Quotient (DQ)
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I ntroduction

1. INTRODUCTION

1.1.Global Developmental Delay (GDD):

Neurodevelopmental disabilities and associated cbigiies are challenging
problems for clinical practitioners. Children hayimlisturbance in developmental
growth are grouped together under the heading NDmwelopmental Delay (NDD).
MThe term developmental delay is used for a chiltipvis continually slower in
attaining the milestones, as expected in childrehat age group. Prevalence of
developmental disabilities was 5-10% of the paeidigbpulation (Montreal 2004
Today, with the advent of highly specialized NICate and higher rate of survival of

premature babies, NDD is considered a new pediatmibidity, and is on the risé!

“GDD is a significant delay of at least 2 SD belonean, on objective norm
referenced, age appropriate testing in two or mofethe following major
Developmental Domains

1. Gross and Fine motor

2. Speech and Language

3. Cognition

4. Social and Personal Development

5. Activities of Daily Living.
Typically, a delay in two domains, often impliedajeacross all domains™*!

Global Developmental Delay (GDD) and Intellectualisdbility (ID) are
complementary terms. American Association on lat#llal and Developmental
Disabilities (AAIDD) defined ID as 4 disability characterized by a significant

limitation both in intellectual functioning and in adaptive behaviour as expressed in
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I ntroduction

conceptual, social, practical and adaptive skills.” ! The term Global Developmental
Delay (GDD) is used in children younger than fiveags and Intellectual Disability
for older children™ The prevalence of GDD was observed to be arou bf the

population of children under 5 years of a§é.GDD was defined as a chronic
condition, with early onset developmental disaileiit with disturbance in the

attainment of motor, cognitive or language and alasikills.

According to the AAMR committee, GDD can be diagebsentirely on clinical
judgement, due to inaccessibility or delay in stadized assessment procedures,
and/or socio-cultural barriers, necessitating bdliig on clinical judgment.
Extensive experience in handling such individuaddiable information from third
party, and involvement of a skilled interdisciplipageam validates this judgment. The
AAN practice parameter for GDD provides a framewaskth screening tools and
specific testing guidelines for diseasBs.Newer developments for diagnosis are-
genomic micro arrays, proteomic analysis for mitouirial disease and MRI
diffusion tractography. However, in 50-80% of casH#®re was no determined

aetiology.®

The causes are classified as:
* Prenatal- Genetic syndromes (25-50%) most commaorgl2own syndrome,
CNS malformations, environmental causes (infectan toxic).
» Perinatal causes — birth asphyxia, stroke, infactio

» Postnatal- infections, toxins, injury.

Complete intellectual development of the child defseon environmental factors

such as familial discord, poverty, malnutritionnsery and emotional deprivation.
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Mild or borderline ID is usually seen in the socigiturally deprived group. Severe

ID is commonly caused by biological impairment. ¢@s 1980}

1.2. GDD and VISION:

GDD has a primary initiating factor, i.e., cerehrault and secondary compounding
factors, like associated visual and/or auditoryedts. Primary cause is irreversible,

but secondary factors are amenable to treatmerivemefit from interventior”

Vision plays a central role in early interactiordanotor development. The synaptic
plasticity of the visual cortex continues aftertfirThe visual environment provides
information that helps in refining the processingpacities of cortical neurons.
Johnson et al (1999) found that eighty perceneafring by children was via visual
information® AAN report (2003) showed an increasing frequencyoofilar and
visual anomalies among children with developmentalay™ Visual impairment
varied from 10.5 - 50% in GDD children, comparedadgproximately 0.16% in

normal children'® and audiologic impairment was 18% and above in GBD

Of the various ocular manifestations, refractiveoemwas the most common finding
(20-60%), followed by optic atrophy (21%), strabisn(18%) and cortical visual
impairment (11%$ Emmetropization (reduction of ametropia presertieh) was

guided by visual feedback mechaniSfhThus, visual deprivation in infancy lead to
retention or increase in refractive errBfsVisual impairments affected intellectual
development and motor achievement by hamperingof@gical development i.e.,
defects of the ocular refractive system reduced wiseal input, which further

inhibited sensory, perceptual and cognitive develept in children with GDD!
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1.3. Intervention and time of intervention:

Shevell in 2005, studied outcomes or natural hystir children diagnosed with
developmental delay, without any intervention. erfd that 75 to 100 % of children
remained below the mean scores, compared to ageheshhormative data. They
showed persistent poor performance at school agéoth developmental and
functional outcomes? This highlighted the need for intervention in thesgldren.

Intervention was aimed at improving the disturbeial sensory input. Uncorrected
refractive errors lead to amblyopia and poor stereaty or binocular function. The
degree of refractive error that produced sensonyridgation and its extent was
uncertain. Undetected visual impairment lead touaderestimation of Intellectual
Development. Visual deficit when missed, lead tareppropriate attribution of the
poor performance to low Developmental Quotient (B¥)Thus, visual correction is

the key to appropriate development.

GDD has an immense social, emotional and econanpact on an individual, family
and the society at large. Visual support enhanhéd’'s educational gains, decreases
dependence on family and social institutions legdio economic and social

benefit.["

Time of intervention: American Association of Neurologists (2003) foutitat
intervention in a child with global delay improveditcome, in its early yearSIA
young child’s brain is in a state of maximum reads Neglect in this period leads to
a risk of missing an opportunity to learn. The bra highly receptive in the first
three to five years, as 75-80% of the brain groadburs in this age. Stimulation at
this age enriches children at-risk, enabling theaximum potential development.

Evidence shows that correction of ocular problenghliz benefits these children.
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However, they receive less than average ophthatarie.*®! As greater emphasis is
laid on other modalities of treatment in a childhwmultiple disabilities, vision is

often neglected.

Refractive error correction is of clinical signidiece for the overall development of
the child. A younger child is more receptive andnptiant than an older child or
adult.™ Thus, proper evaluation of visual acuity and ottiom of refractive error, at
an early age is quintessential. Studies have shthat, besides visual acuity,
functional vision is also significant in the chi#d’day to day activities. This
necessitates the study of behavioral change anptigelgunction, before and after
refractive correction'” Though there were studies on prevalence of refatirors
and qualitative behavioral studies after refractbegrection; there was a dearth of
studies on the quantification of DQ improvement aetiavioural improvement, after

visual improvement in GDD. Hence, this study seras@n attempt to bridge the gap.
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1.4. Aims and Objectives:

Aim of the study was to improve the vision in childreith GDD, by refractive error
correction, which lead to mental development andgprawement in functional

behaviour of the child.

The objective was to study the impact of early Refractive Erromsrection, on
Vision, Developmental Quotient (DQ) and their deterants in GDD children of age

1to 5 years.
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Review of Literature

2. REVIEW OF LITERATURE

2.1. Global Developmental Delay (GDD)

Children with disturbance in the developmental pesg were grouped together under
Neuro Developmental Disabilities (NDD); as theyddcsimilar challenges and had a
common approach to diagnostic evaluation and ietgiens. (London 2013)® The
term “delay” suggests that there could be a maamak catch up, but studies reveal
otherwise [*®! Cognitive Development follows a rapid path of nekill acquisition.

This is followed by a consolidation path which apgselike a plateau phaSé.

Children initially diagnosed as GDD in prescho@ays, continued to meet the
diagnostic criteria for GDD, on reassessment abaichge. (Shevell 20033)] This

adaptive behaviour deficiency was defined as probla learning conceptual, social
and practical skills or social adjustment difficesdt to ordinary demands. Overall, this

was a defect in the ability to comprehend the sumdings. !’

Standard age
appropriate measures validated on normal populatiere used to assess Adaptive
behaviour skills.(US 2002® A significant limitation for a test being,2 standar

deviations below the mealf! Obijectification of the limitations lead to planniig

structured support and improved quality of life.
Review of guidelinesfor diagnostic workup of GDD:

Confirmation and classification of the conditionsmdone through history, physical
examination, ophthalmic, audiological examinatiord ea etiological investigations
via selective laboratory tests. Based on historgg aramination, a review found
etiological diagnosis in 12.5% to 38.6% of casé®ssing the importance of history.

201 The history included a comprehensive family histofyhree generations, parental
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consanguinity, maternal pregnancy issues, detdillatwour and delivery process,
neonatal and perinatal problems, infantile deathajor milestone timings, socio
economic status, ethnic heritage and geographignorAll these provided important

clues towards the diagnosis and aetiology of GDD.

First-line investigation was genetic investigatioe., standard karyotyping, which
was replaced by ‘molecular karyotyping’ or chrommso microarray (array-based
comparative genomic hybridisation (aCGH)). Thereswaapanel of second line of
tests, to be selected based on the individual ¢aewed by metabolic and biochemical
investigations. Neuro-imaging tests by MRI of theaib were to be used both,
selectively and non-selectively. Targeted imagiraswadvocated. MRI had a higher
diagnostic yield in children with epilepsy, abnotnm@ad circumference and focal

neurological signs. (UK 2017

Belanger et al, in 2018 detected the cause in 808éwere ID cases and 24% of mild
ID cases, based on the severity of GDD/f8lOccurrence of GDD was influenced by
genetic, eco genetic and environmental factors.ifignof the cerebral insult also

aided the diagnostic proce§s.

Management and Prognosis of GDD:

Guidelines set by American Academy of Paediatr®AR), American Academy of

Neurology (AAN) and the Treatable Intellectual gy Endeavor (TIDE) helped

in diagnostic workup. Diagnosis in a case of GDDsweé critical importance, as it

lead to timely initiation of treatment and suppegtimanagement. It avoided costly
inappropriate tests, improved prognosis and helpedvide accurate genetic

counseling®?"
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The overall management included rehabilitative ises; counselling the family
regarding the risks of recurrence and treatingasociated conditions, to realize the
child’s full developmental and cognitive potenti®hAN 2003) ™! The primary goal
was early intervention. This multi-dimensional #ygy was based on concerns of a
particular child, which included hearing, visiopegch, occupational therapy, family
education and counseling. The child may be unableutgrow a developmental

problem on its own, but, with medical assistandepotential could be achieved.
2.2. Developmental Quotient (DQ):

In children under 5 years, it is difficult to obj#g the limitations in intellectual
functioning. Various developmental domains havbdcvaluated for the disturbance.
171 The non-verbal tests confounded the bias caugebdio cultural effects, rather
than the neurobiological ones and proved to beeb&dt evaluation. Adaptive skills
determine the ability to succeed in life. Hencesr¢ghwas a controversy as to the
importance of 1Q level or adaptive behavioural dédi in categorization of the
severity of the delay*® Approximate 2.25% of the population had 1Q beldv Rate

of severe ID was less affected by the populatiadiet! and instruments tested, unlike
the rate of mild ID. Mild ID was affected by harrhznvironmental factors like poor
education, nutrition, environmental toxins like deadd meta-analysis found mild 1D
rate as 8.4 per 1000 and severe as 3.6 per 10@0e Was a racial disparity showing

higher occurrence among blacks and a gender imtmlah 1.4: 1.0 male female

ratio. %2

In children under 5 years, developmental quotisrtifigreater relevance than 1Q, as
development is an on-going process in these childfdence, developmental mental

guotient was the principle variable in this stu®Q, frequently used in preschool
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children, is a numerical representation of thedibirowth. It is evaluated across a
range of psychosocial skills. Webster et al (2088)ined DQ as a ratio statistic
showing a child’s overall development based oreddt and in contrast, the IQ as a
statistical comparison with normative data for @egi age group. It used deviation
score in contrived tasks by an individual underhljgcontrolled test conditions.

These frameworks helped to study the impact ofrwetgion and development over
time. Also, avoiding the shortcomings of standagdimtelligence testing for atypical

groups.®

Bayley Scales of Infant Developmeff! Battelle Developmental Inventof” and
Denver Developmental Screening T&St are few standardized tests available for
assessment worldwide. Domain-specific developmentabsures such as motor

profile, language skills and activities of dailyitig are available.
Bayley Scales of Infant Development (BSID) in 138%essed 3 necessary scales

1. The Mental scale
2. The Motor scale

3. The Infant Behaviour Record

Dr.P. Phatakchose 54 items of Bayley Scale of n2evelopment Research Form
1961 and formed Baroda Developmental Screening fioestnfants (BDSTI), for
screening in 1970. This was an easier version whgobvided DQ in Indian
population. She dedicated more than 30 years antiatdized the Developmental
Assessment Scale for Indian Infants (DASII). Shedusndigenous materials to
modify the original Bayley scale in a culturallycapted way. DASII calculates both
mental development index and psychomotor developritetex. ¥’ DQ helps in

comparing the development and performance of tlild ehth that of other children
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of same age. Serial assessments by the same e&xadune every three to six
months, gave the rate of development. Few disadgast of this test were that, the
cause of delay was not shown, it needed age cmmefctr pre-terms, special training
and the child’s complete cooperation. Few testisdd@ge appropriate norms and few
environmental factors hampered the interpretatiBepeated measures lead to
increased accuracy and reliability. (US 198%)The scores were bounded by a range
of confidence, in view of standard error of meamert called “zone of

uncertainty”.?®!

Hema Pandey's Cognitive Development Test for Pneders (PCDTP)(1992) was
used in children older than two and a half yeatan&@ard scores were obtained from

the age norm table using the summated raw scd?es.

The tests for DQ were validated and modified ovex years. The ones followed
widely in Indian setup were, DASII for children ymger than 2 years 6 months and

PCDTP for children older than 2.5 years.
2.3. Visual development:

Human brain has the unique quality of neuroplastice., in response to external
stimuli, structure and function can change. Thisniwre in childhood and decreases
with age. Early in life, visual system is plastiadaflexible to change, which
eventually becomes hardwired. Neural activity gthans cortical synaptic
connection&!During “critical or sensitive period”, change invinonmental factors
can influence the visual system. Visual deprivatesds to permanent visual loss in
the form of amblyopia. Amblyopia or lazy eye isidefl as functional reduction in

vision, without any organic pathology in the eye.ifterrupts the normal visual
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experience in early life. Thus, the crucial agevisual correction is till the age of 7

to 9 years®?
Delayed Visual Maturation (DVM)E3!

Visual unresponsiveness in infants without any agpacause, improving with time
is termed as Delayed Visual Maturation (DVM). DVM said to be a diagnosis of

exclusion. M.Beauviex described 2 distinct categmouf visual affectior>"

First was an isolated anomaly, complete recovenylith was expected within 4- 6
months. The second was slower, which consistedaafmplete visual improvement,
associated with mental retardation, high refraceveor and strabismus. Although,
final vision improved over time, it might not bernml (because of other ocular and
systemic diseases). These need to be distinguisbed poor vision due to visual
pathway or visual cortex pathology. The notion &fND being a cause of temporary
delay in visual growth was proved incorrect. Uemetal suggested three types of

DVM. %

Type 1 DVM: visual maturation delay with no othe&oanaly.
Type 2 DVM: visual maturation delay with mentalanetation or seizure disorder.
Type 3 DVM: primary visual abnormality and a supgbsed visual maturation

delay.
Recognition and grating resolution acuity

Evaluation of vision in children with developmentiglay is important but equally
difficult as the standard method of recognitiorsginbols cannot be performed in this
age group®® Though subjective visual assessment using lettarts is satisfactory,

there are cases of infants, children, malingerads uncooperative patients in whom
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objective evaluation and determination is the anulitable method. The visual stimuli
in these tests is simpler than traditional methatsh as letter chart. As response is
mostly monitored from visual / cerebral systenis ower than that required for letter

recognition. The results are optimistic as compaoe8nellen chart.

Resolution acuity is the capacity of the eye totingmish two parallel lines as

separate, where a series of parallel black andewlites with same width are
presented called Foucalt or square-wave gratingg 3ineaky nature appreciated
before the resolution of actual element leadsdsadvantage. The limit of resolution
is expressed in seconds of arc. The visual acuailynrainimum angle of resolution are
inversely related. The grating acuity compared witihical acuity, is expressed in
decimal notation. The finest feature detectablgréting acuity or resolution acuity.

To overcome the differences in measuring acuity thuenatural variation, non-

standardized testing techniques, different viewdigjances and illumination, Teller
Acuity Cards system was devisét]! Children considered ‘visually inattentive’ due

to poor acuity could also be tested using preféklaoking (PL) procedure$®

Objective vision deter mination:

In the early stage, development of acuity may k@mal, delayed or stationary,
whereas, in later infancy onwards the abnormalepadt can be: asymptomatic,
parallel, catch-up or regressing. This complex nmi@tion helps to improve patient
care and offers clues regarding the fundamentalhem@sms involved in acuity

development™?
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Review of various methods for determining visual acuity
1. For ced choice preferential looking (PL) or differential fixation:

When given a choice between patterned and noespatl stimulus, preference to
view the patterned is known as preferential looki@g keeping the mean luminance
same, when a child is shown a plain and patterisex the child prefers the patterned.
Patterned discs are square wave gratings havirgpmegrical progression of sizes,
that are equated to Snellen acuity. Teller etalega simpler method of applying PL
technique via acuity cards. The finest card showiadixation or pointing response
was the endpoint and gave the visual aclify.Binocular activities were easier to
measure as children dislike covering one eye. Rahee to covering one particular

“olowever, Friendly

eye was suggestive of amblyopia. Success rate was90%.
et al, stated that Teller Acuity Cards (TAC) didtndentify loss of acuity in
amblyopes as it was based on grating acuity. Sojest suggested that a difference

greater than half an octave between both eyes @ 3iould be considered abnormal.

[41.42)]

2. Methods based on visually evoked cortical response. (VECR, VEP)

Neural activities result in electrical effects. G@aal response to checkerboard pattern
stimuli of constant mean luminance with reversalatHz intervals is called VEP.
Nawratzki showed a difference in latency in nornaadd amblyopic eyes[.43]
Douthwaite and Jenkins found that amplitude of VE&RI acuity bear a good

correlation
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3. Methods based on evoking an oscillatory motion:

Vertical grating oscillations leading to pendulastion of the eyes were calculated as

objective acuity.
4. M ethods based on evoking an Optokinetic nystagmus (OKN):

In this method, instead of oscillations, the tdgeot was continuously moving in one
direction, leading to a slow following phase andapid recovery phase, called
nystagmus. This had good correlation with subjectieuity (Optokinetic drum and

the Catford visual acuity apparatu}!
5. Methods based on arresting OKN:

This uses a stationary object of fine detail suppdsed on the background of coarse
grating. Dobson and Teller (1978) showed that OKN &L findings were in fair
agreement, whereas VEP gave appreciably highetieguirhey found the visual

acuity was about 6/15 (20/50) at one year (VEP/2®@t 6 months)*®!

These studies did not imply a parallel developmehtshape perception, letter
recognition or verbal response. There were casemitdteral small optic disc with
reduced nerve fibers, owing to minimal damage c# tieural system causing
decreased vision in one eye, leading to strabisorisand anisometropia. Thus,

resulting in failure of the “emmetropization” prese*®

Comparison of Preferential Looking and VEP showet VEP gave higher values at
lower acuity threshold. The two techniques werey @amparable if VEP latency was

used instead of amplitude. Hence, PLT was uselisrstudy.
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Crowding:

Difficulty in separation of letters on a line onethest chart is known as crowding
phenomenon (in strabismic amblyopia). Letters & ¢enter are jumbled and order
confused, but letters at the end may be read. dime detters shown singly may lead
to higher acuity. This is because of “contour iatgion”, which is due to cortical
effect. "] This arises when the eye does not fixate centatllthe fovea, but at an
extra foveal region: more eccentric the fixatiaowér the acuity. Regan challenged
this and suggested that crowding was due to degectntrol of gaze"*®Subjects
having nystagmus fared better with repeat letteuitacthan chart acuity,

substantiating the sanfé!
Acuity Card Procedure/ Forced Choice Preferential Looking Test:

Mc Donald M et al said that visual acuity deterntiova should be done on objective
measurements and quantitative estimate of graticgtya was to be done by
preferential looking technique with TAGY Vision was assessed with Preferential
Looking test using Teller acuity cards (TAC). TAGopided high-quality grating
stimuli and child's response to a series of cardsth wstripes was
gualitativelyassessed. TAC also filled the gap betwdormal quantitative time-

consuming techniques and informal qualitative assesit of acuity.
I nter-observer agreement:

Good inter observer agreement among 86% to 98%hitdren with normal vision
demonstrated by a previous study. This agreemesippwarer in children (17 to 53%)
with ocular and neurological abnormalities. Accaglio them, subjective judgement

of variations in a child’s response lead to poagneement? 5% 525°1
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Inter-observer agreement rates were 85% and 95%mfmmocular and binocular
testing in another study. According to a US bagedys reliability of tests conducted
by experienced testers had similar results in ohildwith ocular and neurological
abnormalities and normal children, but testing w#8Bcult in the abnormal group.

[42.80, 5255R obbins et al (2003) described the limitationshis test as follows:

» False negative test may result from low motor adir@tion of the eyes and

neck.
» Nystagmus or visual field defects lead to limitedttaccuracy.

« Proper fixation by awake, alert infants was a regquent

In order to overcome the limitations and achievghbr reliability of acuity

estimates by TAC repeated testing was advised.
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2.4. Refractive Error and Intervention:

According to Salt (2014), of the various ocular ffestations, refractive error was

most common (20 to 80%) in GDIS!

At birth, infants have a complete visual systemt s physiological function is
incomplete. In a term newborn, the axial lengtlshsrter (~17 mm) and refractive
power is higher (~85 dioptresf’'Studies revealed that from birth to maturity, the
size of the eye increases to three times of thhirét and the power decreases. Most
of this growth is completed by the age of 3 yebhtd,the ocular growth continues till
14-15 years. Average new born infant is hypermétrafth an error of around 2D. A
rapid decline occurrs between 6 months to 2 yaarmsormally developing eyes. A

decrease towards emmetropia is s€éh.

In an emmetropic eye, the light is focused on #ima and forms a sharp image. The
axial length and total refractive power are in amd@nce. In a hyperopic eye, the
light is focused behind the retina (too low refraetpower or a too short axial length.)
In a myopic eye, images are formed in front of thina, (too high refractive power
or too long axial length). The optical system neadonstantly matched axial length
and refractive power relation during the growingangeto function properly. This
mechanism is known as the process of emmetropizatial is aimed at minimizing
refractive error. A normal ocular development defseon a clear optical imagé”’
Visual deprivation in infancy leads to retentionincrease in refractive errors. This
has been proved by various studies:Akinci et ab@Moted that 97.4% of children
with Down syndrome had ocular findings in contrast 42.4% without Down
syndrome.[58] Prevalence of refractive errors in the general faimn was 3.8 -

4.5%as compared to 44-60 % in Intellectual Disgbilgroup. ! Strabismus,
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nystagmus, and reduced contrast were higher inremilwith disabilities. Refractive
errors were found in 43% to 86.5% of children witbwn syndrome (London 2007-
9). ¥ 8% The prevalence of refractive error in childrenhwépecial needs and normal
healthy first grade students in Oman (2010) wer&%8and 2.9%, respectivel§
Myopes were more in this study. The rates of hyper¢>1.00 D), myopia>1.00 D),
and astigmatism>(+1.00 D) in children with disability were found toe 18.6%,
24.3%, and 27.1%, respectively. It was significatigher than in normal children
[1.2% hyperopia / 2.2 % myopia /1.7% astigmatisim]jcontrast, study by Castafieet
al (1995) had 58.7% of hyperopes, 21.7% myopeslars astigmatisni®? These

studies were conducted on children in the age gob®p-16 years.

Amblyogenic factor lead to strabismus and lossinbtularity. Disrupted binocular
vision affected the learning process. (France 28082.5% of children with cerebral
palsy had strabismus and 50% had significant réfeerrors. Studies estimated the

range of strabismus to be from 19% to 30% in chitdrith Down syndromé®: 54

Children with nystagmus had low vision and difftguin fixating objects. Vora study

(2010) found 4.3% of children with nystagm/3§.
Refractive error in preterm children:

One of the factors influencing the refractive depehent was low birth weight.
Myopia was more common in premature infants, ramdiom 1% to 16%. Studies
suggested that in preterm children having cergiatdy, there was no added risk for
development of refractive errors and strabismugrif@ny 20141°° On comparing
low birth weight-preterm children with full-term iéthren, the incidence of strabismus

was found to be significantly highd¥. "

Page 19



Review of Literature

An Egyptian study (2015) done on normal childreonf visual impairment to be
significantly higher among those with positive camguinity. "? A study in Iran

(2015) on consanguineous marriage showed increésdedf strabismus in children.

[73]

An amblyopia study found no associations with ceessa birth, but preterm and low
birth weight children had high risk of having amipja. (Iran 2013} A Chinese
study (2007) found increased risk of severe astiggmain children having history of

birth by elective caesarean sectitr.
Effects of I ntervention:

Shevell in 2005, studied children with GDidjthout intervention, and found that
75% to 100% remained below their average scores,nratched normative study.
Hence, intervention was essential in these childfesnsensory visual input was the
doorway to the development of the brain, this stadgcentrated on improving the

visual input.

Qualitative analysis by Bader and Woodruff (1986j, behavioural variationsin
mentally retarded persons, on correction with spees, showed improvement in the

youngest group”’ A questionnaire-based study on scholastic activitiene in Pune

[76]
(2016), concluded that vision improved in 26.4%sobjects with refraction. A

retrospective study by Watson (2007) done on CMiepss, found that 49 %

improved in vision, with correction, after a meamation of 6.5 yearé7.7]
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2.5 Compliance: There is limited data on compliance for spectackamand factors
associated with it. This aspect was crucial for #ffectiveness of correction of
refractive error. According to studies, frequens@tyations can assess the compliance
of spectacle wear in relation to time. (Oman 206%pne school visit was considered
for rating compliance in a study done in Oman. Tfeynd younger students, males
and those with myopia of less than 2.5D to be mamgliant after one yeal’® A
Saudi Arabia (2013) study found that age was raceor for non-compliance, but it
was more in older and myopic childréff! 29.5% of Indian school children were

non-compliant (Pune 2018 compared to more than 50% in Oman.

Important factors causing non-compliance to spéegain school children were
parental disapproval, broken spectacles and chilfieeling spectacles cause head
ache. Parental disapproval was the main causaidtiest from Americ&Y, India®”
and Tanzaniad®?. Children prescribed spectacles in hospital sgttivere more
compliant, than those prescribed in school visimeaning, as parents were present in
the clinic and could be explained about the neetl @vantages of child wearing
spectacles® Children wearing spectacles during the unexpeatéddl visit would
be considered compliant, leading to low compliaa®other cause of non-wear was
peer pressuré®® 84| these studies were done in school going childfEhis study
focused on achieving higher compliance rate. The grgup selected was children
under five years as there is no peer pressure ignate. They were prescribed
spectacles in a clinical setting, where parentdingly bring them for follow up

treatment.
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2.6 Judtification: There are a high proportion of refractive errorscimidren with
Global Developmental Delay. The need for eye camains unnoticed or neglected,
though it plays a major role in the developmenthef brain. This is because the child
has complex needs and stress is laid on treatismceded systemic anomalies. This
avoidable visual disability, following untreatedreetive error, further compromises
the quality of life. Many considered any form ostieg in these children “a waste of
time”, as they had no economically viable futurectild with disability puts a strain
on the parentsime, energy, and financial resources. Refraativer correction at an
early age (crucial years of growth) prevents amiilycand makes the child’s life
more productive. A South Indian study (2007) seessipon the importance of

studying small age-appropriate groups, as theatfimerrors change with ade’!

Prevalence of refractive errors in developmentadakiiities has been studied.
Qualitative analysis on behavioural improvement hasn done. However, lacunae
are still present in the area of quantificatiorD§) and behavioural improvement, as

compared to visual improvement. Thus, this stutynapts to bridge the gap.
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3. MATERIALS AND METHODS:

Study Population: Source of data was subjects attending tertiang d¢aaching

hospital of North Karnataka during November 2013viarch 2017. Subjects of age
one to five years, attending Child Development iClin Paediatric department and
diagnosed as having GDD were considered for thdysithose with refractive error
and without anterior and posterior segment oculgthglogies were evaluated and

enrolled.

Study design: Pre-Post.In a case series, a large sample sizetia mandate as it
depends on the availability of the patients. Furtirepre-post design, larger number

is not required as the pre-post distribution match.
Study duration: November 2013 to March 2017

Sample size:The expected cases of the improvable Refractiveri&s per literature
are 62%. Sample size has been computed with 80%1mp®8% confidence interval

of the estimate as per the literatt&.

_(Z1—qj2+Z1-p)?

(p2-p1)? Pq

_ (1.96+0.64)%

7aa-62)? " 62 x 38 = 103

74.4 is 20% improvement in the basal value 62%.

Null hypothesis:

Ho: There is no improvement in DQ and social béhavafter refractive error

correction.
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Sample Selection Criteria

INCLUSION CRITERIA:
= Written informed consent by legal guardian
= Children from 1-5 years of age
= Diagnosis of GDD

= Diagnosis of refractive error according to cutdints

EXCLUSION CRITERIA:
= Progressive disorders like Neurodegenerative andotgmal storage
disorders.
= Children with associated Cardiac or Renal disordei@y other major illness.
= Children with Muscular Dystrophy and Auditory abmalities.
= Children with no perception of light, Glaucoma amahgenital dystrophies of

the eye.

Method of data collection

After screening 164 consecutive children from 1eang of age diagnosed with GDD
attending the Child Development Clinic and refertedOphthalmology OPD of

KLES hospital, 120 were found to have refractiveoerOn excluding the children

with auditory abnormalities (eligibility criteria)l14 were enrolled after taking
informed consent from the legal guardian/parenteyTtvere followed up as per the

standard operating procedure.
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Study selection process: A flowchart showinenrollment of children in the study

Eligihla
Eliaibla

Mot Elisihle
[

I
I
I
|
¥ v

Mo Refractive Error: 40

-2

i

Mayrardsualanmantal ahaarmal- A4
SUrCCESVEIOpMeNia: aonoima:. &

Auditory impairment: &

i}

A detailed history of the children including pastgresent ocular disorders, med
and surgical treatment, birth weight and term, eogsinity among parents a
previous spectacle history was taken. Perinatdory was taken from the medic

records provided by the parer

Visual acuity was recorded with the preferentiakimg test. The Hirschberg’s te
was used to evaluate the visual axes. The —uncover test was performed to ri
out strabismus. Uniocat and binocular movements were examined. The pceser
absence of nystagmus was noted. The anterior ségmes examined fc
abnormalities of the eyelid, conjunctiva, corneapifpary reaction and lens. Comple
ocular examination including anteriorgment examination, muscle balance

dilated fundoscopy was done. General and systexaimimation was don
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In GDD, cognitive skills are ability to think, couand solve problems. Ability to
express emotions and smile are social skills. ¢J&nguage is speech and language
skills. Ability to grasp objects, draw, sit, walkdrun are fine and gross movements
skills. Tasks like eating, dressing and bathingrnbelves are activities of daily living.
[19]

Etiological diagnosis of GDD was documented as miggd by the Pediatric

neurologist.

Refraction: One drop of homatropine 2% or atroflfe eye drops was instilled in

each eye for cycloplegia and repeated after 15 t@&nuStreak retinoscopy (Heine
Optotechnik, Germany) was used for objective rdivacat the distance of 66 cm.
Refractive error values were compensated for thisking distance and glasses
prescribed. Near vision could not be tested ag ttistance vision could only be
checked using tests based on preferential lookiethad. Lag of accommodation was
tested on subsequent visit after cycloplegic réifwacto prevent its influence. During

these examinations, distance correction was placedlag of accommodation was
measured using Modified Nott s method of dynamimeoscopy. Fixation target was
held at 40 cm. In case of against movement, retiyms was moved closer to find the
neutral and the distance between the two, gavéettte of accommodation. For with
movement, retinoscope was moved further from thgest until neutral was found

and the difference was the lag of accommodation.l€ad, movement was towards
the subject. 0.5D to 0.75 D of lag was considerunal. If lag exceeded 1 D, and the

child was above 2 years old and always in sittiogtpre, near addition was given.

Ethical Approvals:
Institutional Review Board Approval: Ethics Comraedtapproval was obtained from

University Ethics Committee at the beginning of #tedy. Informed Formal written
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consent in English /Kannada /Marathi was taken fedinparents of children enrolled

in the study.

Tools used:

1. Visual Acuity by Teller Acuity Cards® Il (TAC) BU

Grating acuity is the visual angle subtended bingle stripe element or its reciprocal
as cycles per degree. Ideally, resolution acuitukhbe 30 cycles per degree, making
a standard Snellen acuity equivalent of 20/20, nbugrhe TAC set includes 17 cards
that test paediatric visual acuity from 20/20 td3200. The digital print gives the
Teller Acuity Cards® Il optimal accuracy and lantioa, better durability. Teller
Acuity Cards® Il set is of 25.5 x 55.5 cm, with 35%flectance and gray in colour.
These cards have square-wave gratings on one h#teacard. (Contrast 60-70%)
The spatial frequencies are (cycles/cm): 0.32,,00434, 0.86, 1.3, 1.6, 2.4, 3.2, 4.8,
6.5, 9.8, 13.0, 19.0, 26.0, and 38.0.Differencenben cards is half octave. One
octave is doubling of this spatial frequency. TI6&' tard is called low vision card
(large 0.23 cy/cm grating). The last card is a blgray card. FPL is a “bias- free” PL
method. In this, the observer doesn’t know the tiocaor frequency of stripes. Test

distances for different age groups ranges frontthdo 84 cm.

Values were noted from the Age Norm Charts accgrdm test distances. Visual
acuity was recorded as the average of two readimggcles /cm. Five groups were
made with three levels of score in each, with fediince of 0.5 octave. A difference
of one octave was significant and considered asaVisnprovement. The accuracy

(test-retest reliability) of the acuity card tesisnone octave.
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The procedure

The child was held or seated alone facing the teatehe standard distance from the
acuity cards. After attracting the child's attentithe card was held up and acuity was
recorded based on the child's behavior such asdixgointing, and/or verbalization.
The cards were presented and the finest gratirighteachild responded to, was noted
as the child's acuity. To avoid bias of knowing tfrating location, the tester would
not look at the front of the card and the scramluedis procedure, a truly masked

testing was also used.

Test duration
5 minutes per eye was the average for childrerhén I-year to 5-year age range.

Children with very low vision or severe disabilgiaeeded 10 to 15 minutes per eye.

Inter-observer agreement The clinical utility of these tests was estal#diby the
high inter-observer agreement and inter-techniggreeanent. The handheld card test
was faster than the earlier ones (within 2-3 Snelilges of acuity). In forced choice
preferential looking test, the stimulus locationswadged by the infants looking
behaviour (eye and head movements). The child’saeykehead movements, facial
expressions and verbal responses provided a gueditassessment towards the

integrative subjective judgement.
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2. Developmental quotient (DQ):

According to WHO (ICD 10), mental abilities are @ncontinuum. Quantitative

definitions based on the DQ involved the chronatabage and the mental age, which
was the age equivalent at which the child functionghe test. Distribution of scores
around the mean gave the standard deviation ofta Tde standard deviation of
below -2 to -5, were divided into mild, moderatevere and profound mental

retardation or developmental delay.

DQ was calculated by dividing tlieevelopmentalage (DA) across domains by the
chronological age (CA) and multiplying by 100. (D® DA/CA x 100). DQ

assessment is needed for developmental remedi&timained Child psychologist did
the DQ assessment. Developmental assessment bylopenental Quotient was

calculated as percentage of functional age compgaredronological age.

DQ evaluation methods: Different tools were usedtfe two age groups as they

were age relevant.

1. In children below 2.5 years — DASII (Developmentsdsessment
Scales for Indian Infant§y”
2. Above 2.5 years — PCDTP (Pandey’s Cognitive Devalaqt Test for

Pre—schoolerdj”
DASII:

Dr.Pramila Phatak revised and standardized Bar®@f® horms and in 1997, made
the modified form as Developmental Assessment Skmaléndian Infants (DASII)

selecting 67 motor and 163 mental items. She caledlthe norms on 4141 test
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records, on around 500 babies and validated bingest many cities of India. It is
used till 30 months of age. It is a point sca@ch item passed is evaluated and
mental and motor scores are estimated by adding thg on respective scales.50%

placement age for mental quotient was used folyaisal

DQ (MOTOR/MENTAL) = (MOTOR/ MENTAL) Developmentalge /

Chronological age * 100. DQ more than 85 is normal.

Developmental Mental Quotient was considered falysis and mentioned as DQ, as
mental development was the outcome variable. Stdnslzores were obtained from

the age norm table using the summated raw scores.

PCDTP:

Hema Pandey's Cognitive Development Test for Pheders PCDTP (1992) was
used in children older than two and a half yeale fst re-test reliability was 0.95.
This has verbal and non-verbal tests. The test adasinistered with the help of
parents. There was no time limit. The child wasteg@omfortably and was given
sufficient time. There were six subsets with eaemigiven a score. (Conceptual
skills, Information, Comprehension, Visual perceptiMemory, Object vocabulary).
It had high validity and Binet Scale - Form L anarid M -1960 revision correlation
was 0.80. The test re-test reliability was 0.95stTseores were recorded on the score
cards. From the "raw" scores, the standard scdrdgeahild as per his/her age were

recorded from the age norm table and were grouped.
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Grades of Intellectual Disability (ID) according to

International Statistical Classification of Disessand Related Health Problems

(ICD)-10: [8°]

Borderline ID: 71-85
Mild ID: 50-70
Moderate ID: 35-49
Severe ID: 20-34
Profound ID: <20

DQ improvement/deterioration was defined as chamdiee grade of severity.

INTERVENTION:

The error in refractive condition of the eye remgjtin blurred vision, due to improper
focus of image on the retina is called RefractiveoE As the standard practice
parameters set were for normal children, the cupoints for error were taken based

on other similar studies in GDB: &"!

Glasses were prescribed for:
» Myopia > -0.50 Diopter (D)
» Hypermetropia +1.00D

» Astigmatisme 1.00 D

Follow Up and Compliance Assessment:

Reassessment at follow up was done after six mofahsVisual acuity and
Developmental Quotient estimation.Post-test behavid the children was assessed

using Questionnaire. It comprised of three sections
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a. Gross Motor based skills
b. Fine Motor based skills
C. Behavioural changes of study subjects.

Questions, ten in number, were drawn from AdapBehaviour Scales (ABS), and

modified as per the local needs, and validatedrbafonduct of the study/!

Compliance factor was defined as wearing of spéeddor a minimum of six to eight
waking hours. Parents were counseled regardinginipertance of vision guided
brain development and of wearing glasses. Followvap done after first and third
month to check the habit of wearing glasses. Canpé was noted on the basis of
positive report of glass wear by the parents ardatailability of glasses on them

during the visit.
Collection and Analysis of Data

Information was collected using a standardized dagHlection form. All data
collected in the study was electronically storedMirtcrosoft Excel sheet and coded.
Data was password protected and subject informaties available to restricted
personnel. Final analysis of data of 100 childreas wione, after excluding children
who were non-compliant with glasses (10) and chiidiost to follow up (4) at the
time of reassessment, at six months. Quantitataéables like Refractive Error,
Visual Acuity and DQ were converted into Intervab® for analysis. As the number
of children having profound ID was small, it wasanporated in the severe ID group
for the analysis. In case of anisometropia, theveijle the higher refractive error was

considered for analysis.
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Materials and Methods

Chi square teswas used for significance of explanatory varialmesxplaining Visua
acuity, DQ and Social behavioral improvement aitégrvention.Statistical Packag

for Social Sciences (SPSS), Version 22.0, was fsathta analysi

Conceptual framework of the study

Age and refractive error were the independent béagstudied over the various ri
factors. The dependent or outcome variables wesealiacuity, development

guotient and social behavio

Risk factors

Outcome variables
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4. RESULTS

This study was conducted in a tertiary care teachspital of North Karnataka from
November 2013 to March 2017. The design was pré-poslysis was done for data
of 100 GDD children with corrected refractive errBvaluation was done for all
variables in two age groups as: Combined age g(btfp years) and separately for
children under 2.5 years and at or above 2.5 ydaesults were presented as
Combined group and when the results in the two ggayrossly differed, they were

presented separately, as below.

Table 1: Developmental Quotient (DQ) by age

Age Developmental Quotient (%)
Severe £35) Moderate (35-50)| Mild (>50) Total
<2.5 years 24(43) 22(39) 10(17.9) 56(100.0)
>2.5 years 7(15.9) 15(34.1) 22(50.0) 44(100.0
Total 31(31.0) 37(37.0) 32(32.0) 100(100.0)

(Chi-Square:13.9; p < 0.001)

Table 1 reveals that severe ID prevalence was nmoohildren less than 2.5 years

(43%), whereas children with mild ID were more igeagroup above 2.5 years.

(50%). Statistically significant distribution wases. This was a hospital based study

and the distribution would not be applicable togyahpopulation, and enrolment was

done consecutively.
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Table 2: Refractive Error by Gestational age

Gestation age Refractive Error (%)
Myopia Hyperopia Astigmatism Total
Preterm 3(23.0) 9(69.2) 1(7.7) 13(100.0)
Term 18(20.7) 62(71.3) 7(8.0) 87(100.0)
Total 21(21.0) 71(71.0) 8(8.0) 100(100.0)

Table 2 reveals that out of the 100 babies, 13 weeterm whereas 87 were term

babies. In both groups, hypermetropes were maxiniurma.number of pre term was

too less to evaluate further, based on the sulyoaation of gestational age.

Table 3: Improvement in Vision by Gestation age

Gestation age

Improvement In Vision (%)

Deteriorated Remained same Improved Total
Preterm 4(30.8) 6(46.2) 3(23.1) 13(100.0)
Term 3(3.4) 40(46.0) 44(50.6) 87(100.0)
Total 7(7.0) 46(46.0) 47(47.0) 100(100.0)

(Chi square: 13.88; p < 0.001)

Table 3 reveals that Visual improvement was 50%emn, as compared to 23% in

preterm born children, the differences were siatifly significant. Deterioration in

vision was significantly higher (31%) in pretermhen compared to 3% in term

children.
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TABLE 4: Refractive Error by Consanguinity

Consanguinity Refractive Error (%)
Myopia Hyperopia Astigmatism Total
Absent 9(16.7) 37(68.5) 8(14.8) 54(100.0
Present 12(26.7) 34(73.3) 0(0.0) 46(100.0)
Total 21(21.0) 71(71.0) 8(8.0) 100(100.0)

Table 4 reveals that irrespective of consanguitiyyperopia was more i.e., 73.3% in
consanguineous and 68.5% in non-consanguineousagerir hus, consanguinity had
no association with the type of refractive erroryddes were more in children with

history of consanguinity; though not statisticallgnificant.

Table 5: Improvement in Vision by Consanguinity

Improvement in Vision (%)
Consanguinity Remained same Improved Total
Absent 30(55.6) 24(44.4) 54(100.0)
Present 23(51.0) 23(49.0) 46(100.0)
Total 53(53.0) 47(47.0) 100(100.0)

Table 5 shows that improvement in non-consangusieoul consanguineous group
was almost similar and not significant statistigallhe history of consanguinity had

no bearing on the outcome of refractive error ctiioe.
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Table 6: Strabismus (Visual Axis) by Refractive Eror

Visual Axis (%) Total
Refractive Error Orthophoria Esotropia Exotropia
Myopia 15(21.7) 3(13.6) 3(33.3) 21 (21.0)
Hyperopia 48(69.6) 19(86.4) 4(44.4) 71(71.0)
Astigmatism 6(8.7) 0(0.0) 2(22.2) 8(8.0)
Total 69(100.0) 22(100.0) 9(100.0) 100(100.0)

Table 6 reveals that out of 100 babies, 69 hadopttbria, 22 esotropia and nine

exotropia. 86.4% children with esotropia had hyp&p but not statistically

significant. Uncorrected hyperopia was the most mom cause of esotropia. The

distribution of exotropia was almost similar in gipes of refractive errors.

Table 7: Developmental Quotient (Intellectual Disaliity) by Visual Axis

Visual Axis Developmental Quotient (%)
Severe ID Moderate ID Mild 1D TOTAL
Orthophoria 22(32) 24 (34.8) 23 (33.3) 69 (100.0)
Esotropia 8 (36.4) 8 (36.4) 6 (27.3) 22 (100.0)
Exotropia 1(11.1) 5 (55.6) 3(33.3) 9 (100.0)
Total 31(31.0) 37 (37.0) 32 (32.0) 100(100.0

Table 7 reveals that esotropia was equally disieitbun severe and moderate 1D

groups, whereas exotropia was more in moderatertidpy This had no statistical

significance. As the study population was specifith children who had GDD and

refractive error, the percentage of squint was haghcompared to normal children

without refractive error.
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Table 8: Strabismus by Consanguineous marriage

Visual Axis (%)

Consanguinity
Orthophoria Esotropia Exotropia Total
Absent 40 (74) 9(16.7) 5(9.3) 54 (100.0)
Present 29(62) 13(28.9) 4(8.9) 46(100.0)
Total 69 (69) 22 (22) 9 (9.0) 100(100.0)

Table 8 reveals that though esotropia was more testropia in our study,

differences were not statistically significant.

Table 9: Improvement in Vision by Visual Axis
Visual Axis Improvement in Vision (%)
Remained same Improved Total
Orthophoria 38(55.0) 31(45.0) 69 (100.0)
Esotropia 11(50.0) 11(50.0) 22(100.0)
Exotropia 4(44.4) 5(55.6) 9(100.0)
Total 53(53.0) 47(47.0) 100(100.0)

Table 9 reveals no correlation between the impramnn vision and strabismus. In

all the groups, approximately half the children ied. Thus, presence or type of

squint was not significantly associated with vismabrovement after correction.
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Table 10: Nystagmus by Refractive Error

Refractive Error Nystagmus (%)
Absent Present Total
Myopia 17(19.3) 4(33.3) 21(21.0)
Hyperopia 67(76.2) 4(33.3) 71(71.0)
Astigmatism 4(4.5) 4(33.3) 8(8.0)
Total 88(88.0) 12(12.0) 100(100.0)
Chi square: 14.65; p <0.001

Table 10 reveals a statistically significant asatioh between babies having
refractive error with nystagmus. All types of refiime errors had nystagmus.
Nystagmus was due to the low vision caused by ¢t errors, rather than the type

of refractive error causing it.

Table 11: Developmental Quotient (DQ) by Birth Weidt

DQ N Mean Std. Deviation

Severe 31 2767.71 1464.733
Moderate 37 3812.00 2827.287
Mild 32 3010.91 1365.528
Total 100.0 3231.92 2085.615

Table 11 reveals that the mean weight was abov@ 858 all groups and hence, no
significant association was found between the lanthbweight children and the

severity of ID. 26 children had birth weight belowarmal.
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Table 12: Improvement in Vision by Birth Weight

Birth Weight(g) Improvement in Vision (%)
Remained same Improved Total
Very LBW (<2000) 6(66.7) 3(33.3) 9(100.0)
LBW (2000-2499) 12(70.6) 5(29.4) 17(100.0)
NORMAL (2500+) 35(47.3) 39(52.7) 74(100.0)
Total 53(53.0) 47(47.0) 100(100.0)

Table 12 reveals that visual improvement was seesRi7% of normal birth weight
children compared to around 30% in low and very loith weight babies. Vision in

71% of LBW and 67% of VLBW remained the same, pexgive of the type of

refractive error. This was not statistically sigeait, owing to the small number of
low birth weight children.

Table 13: Improvement in Vision by Mode of Delivery

Improvement in Vision (%)
Mode of Delivery Remained same Improved Total
Normal 44(51.8) 41(48.2) 85(100.0)
Caesarian section 9(60.0) 6(40.0) 15(100.0)
Total 53(53.0) 47(47.0) 100(100.0)

Table 13 reveals that maximum cases had normalafgliand improvement noted
was more in that group, but was not significantressnumber was less in caesarian
section group. The forceps delivery cases were edgergith normal delivery for
analysis. On sub categorization, least improvemestseen in forceps delivery cases,

followed by caesarean section group.
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Table 14a: Developmental Quotient by Refractive Eror in age < 2.5 years

Refractive Age <2.5 years
Error Developmental quotient (%)
Severe ID Moderate ID Mild ID Total
Myopia 3(33.3) 3(33.3) 3(33.3) 9(100.0)
Hyperopia 19(43.2) 19(43.2) 6( 13.6) 44(100.0)
Astigmatism 2(66.7) 0(0.0) 1(33.3) 3(100.0)
Total 24(42.9) 22(39.3) 10(17.9) 56(100.0)

Table 14b: Developmental Quotient by Refractive Eror in age>2.5 years

Refractive Age>2.5 years
error Developmental quotient (%)
Severe ID Moderate ID Mild ID Total
Myopia 1(8.3) 3(25.0) 8( 66.7) 12(100.0)
Hyperopia 5(18.5) 11(40.7) 11(40.7) 27(100.0)
Astigmatism 1(20.0) 1(20.0) 3 (60.0) 5(100.0)
Total 7(15.9) 15(34.1) 22(50.0) 44(100.0)
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Table 14c: Developmental Quotient by Refractive Eror (1-5 years)

Refractive Developmental Quotient (%)
Error
Severe ID Moderate ID Mild ID Total
Myopia 4(19.0) 6(28.6) 11(52.4) 21( 100.0)
Hyperopia 24 (34.0) 30(42.0) 17(23.9) 71 (100.0)
Astigmatism 3(37.5) 1(12.5) 4 (50.0) 8 (100.0)
Total 31(31.0) 37(37.0) 32(32.0) 100(100.0

Table 14 (a-c) reveals that in children under 2&rg who were evaluated by DASII,

the pattern of distribution of refractive errorogled that errors were more in severe

ID: 42.9%, followed by the moderate group: 39.3% dess in mild ID 17.9%.

Hypermetropia was more in all groups.

In children of age 2.5 years and above, mild ID hakimum number of refractive

errors: 50%, which was different from the patterchildren under 2.5 years old.

Hence, overall evaluation showed equal distributbmefractive errors in all grades

of DQ. Hyperopes were more in all the grades, Yodd by myopes.
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Table 15: Improvement in Vision by Refractive Error

Improvement in Vision (%)
Refractive Error
Remained same Improved Total
Myopia 6(28.6) 15(71.4) 21(100.0)
Hyperopia 42(59.2) 29(40.8) 71(100.0)
Astigmatism 5(62.5) 3(37.5) 8(100.0)
Total 53(53.0) 47(47.0) 100(100.0)

Table 15 reveals that though hyperopes were manenmber, improvement was more
in myopes (71.4%). P < 0.041. Myopes were morehi@ mild ID group and
improvement was more in mild group. Thus, irrespecof the type of refractive

error, improvement seen was in children with mix |
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Table 16a: Developmental Quotient by Improvementn Vision (in <2.5 years)

AGE (<2.5 YEARS)

Improvement in Vision (%)
DQ
Remained same Improved Total
SEVERE ID 17(70.8) 7(29.2) 24(100.0)
MODERATE ID 10(45.5) 12(54.5) 22(100.0)
MILD ID 3(30.0) 7(70.0) 10(100.0)
TOTAL 30(53.6) 26(46.4) 56(100.0)
Chi Square: 5.692; p< 0.058

Table 16b: Developmental Quotient by Improvement inVision (>2.5 years)

AGE (2.5 YEARS)

DQ Improvement in Vision (%)
Remained same Improved Total
SEVERE ID 6(85.7) 1(14.3) 7(100.0)
MODERATE ID 10(66.7) 5(33.3) 15(100.0)
MILD ID 7(31.8) 15(68.2) 22(100.0)
TOTAL 23(52.3) 21(47.7) 44(100.0)
Chi-Square: 8.073; p<0.018
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Table 16c: Developmental Quotient by Improvemenin vision (1-5 Years)

DQ Improvement in Vision (%)
Remained same Improved Total
SEVERE ID 23(74.2) 8(25.8) 31(100.0)
MODERATE ID 20(54.0) 17(46.0) 37(100.0)
MILD ID 10(31.3) 22(68.8) 32(100.0)
TOTAL 53(53.0) 47(47.0) 100(100.0)

Chi-Square: 11.68; p< 0.003

Table 16a reveals that improvement was more in madeleand mild groups. 70%

children in the mild ID group improved in the ageugp of <2.5years.

Table 16b reveals improvement in 68% of the milugrin childrer>2.5 years.

Table 16c reveals that overall 47 % showed impram@nwhich was statistically

significant. Around 69% improved in the mild ID g In all groups, mild ID group

showed maximum improvement. Better the DQ, more thasmprovement seen in

vision.
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Graph 1: DQ by Improvement in vision (1-5 Years)
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Table 17a: Improvement in Vision by Social Behaviar

Social Behaviour Improvement in Vision (%)
Remained same Improved Total
No change 37(82.2) 8(17.8) 45 (100.0)
Improved 16(29.0) 39(71.0) 55 (100.0)
Total 53(53.0) 47(47.0) 100(100.0)

Chi-Square: 28.04; p < 0.000

Table 17a reveals that out of 47 children who shibweprovement in vision, 39
showed improvement in social behaviour. 71% ofdrkih with visual improvement,
showed significant functional improvement. Thesarges were evident in their daily

activities and affected their overall performance.

Table 17b: Social Behavioural change by Age

Social Behaviour <2.5 years (%) >2.5 years (%) Total
No change 26(57.8) 19(42.2) 45 (100.0)
Improved 30(54.5) 25(45.5) 55 (100.0)
Total 56 (56.0) 44 (44.0) 100(100.0)

Table 17b reveals that social behavioural improvegmeas seen in around 50 % of
children in each age group. There was no significhange in the social behaviour

between the two age groups, ruling out the ageteffe
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Table 17c: Developmental Quotient (DQ) by Socialdhavioural change

Social behaviour DQ (%) Total
Severe Moderate Mild
No change 21(46.7) 16(35.6) 8(17.8) 45 (100.0)
Improved 10(18.2) 21(38.2) 24(43.6) 55(100.0)
Total 31(31.0) 37(37.0) 32(32.0) 100(100.0

Table 17c reveals that improvement in social behawvas more with improved DQ

levels. Severe ID: 18.2% < Moderate ID: 38.2% <dMD 43.6%

Children with better DQ showed more improvemensatial behaviour. Mild and

moderate ID groups, together constituted around 82Fhprovement.
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Table 18a: Post by Pre: Developmental Quotient (<2.years)

Age (<2.5 years)
PRE DQ POST DQ (%)
Severe Moderate Mild Total
Severe 19 (79.2) 3 (12.5) 2 (8.3) 24(100.0
Moderate 4 (18.2) 11 (50.0) 7 (31.8) 22(100.0)
Mild 0(0.0) 1 (10.0) 9 (90.0) 10(100.0)
Total 23 (41.0) 15 (26.8) 18 (32.1) 56(100.0)

Chi-Square :37.34; p < 0.000

Table 18a reveals that in severe ID group, 21 % ianchoderate ID group, 32%
improved. In Mild ID group, 90% remained consta@verall 21.4% showed

clinically and statistically significant improventan DQ in <2.5 years group.
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Table 18b: Post by Pre: Developmental Quotient.5years)

Age £2.5 years)
PRE DQ POST DQ (%)
Severe Moderate Mild Total
Severe 6(85.7) 1(14.3) 0(0.0) 7(100.0)
Moderate 0 (0.0) 14 (93.3) 1(6.7) 15(100.0)
Mild 0(0.0) 0 (0.0) 22 (100.0) 22(100.0)
Total 6 (13.6) 15 (34.1) 23 (52.3) 44 (100.0)

Chi-Square: 74.67; p < 0.000

Table 18b reveals that in severe ID group, 14 % ianchoderate, 6.7 % showed
improvement. Overall 4.5% improved in DQ in abovb fears group. The pattern
changed in the older group, where severe ID showede improvement than

moderate. However, mild ID group remained unchanged
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Table 18c: Post by Pr-intervention Developmental Quotient (15 years)

PRE DQ POST DQ (%)
Severe Moderate Mild Total
Severe 25(80.6 4(12.9) 2 (6.5) 31(100.0)
Moderate 4 (10.8 25 (67.6) 8 (21.6) 37(100.0)
Mild 0(0.0' 1(3.1) 31 (96.9) 32(100.0)
Total 29(29.0 30(30.0) 41(41.0) | 100 (100.0)

Chi square: 106.92; p < 0.0C

Table 18c reveals that in the combined age grodp}% in severe ID group al
21.6% in moderate ID group improved. Moderate grashowed maximur
improvement.

(**<2.5 years group 21.4% / >2.5 years group — 4.5%).

Overall improvement in DQ in children from 1 to &ays: 14%. These changes
DQ, observed post intervention, after six monthgaton, were clinically an

statistically significant.

Graph 2: Postby Pre-intervention Developmental Quotient (15 years
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5. DISCUSSION

The present study titled rhpact of Refractive Error Correction on Mental and
Visual Development in Children with Global Developmental Delay” was
conducted in &ertiary care teaching hospital of North Karnatdi@m November
2013 to March 2017A total of 100 children with GDD and refractive @rrwere
given refractive correction. Reassessment at sixthsofollow up was done for
Visual acuity and Developmental Quotient. Inforroatiregarding the change in
behaviour was collected from the parent using th&t-Rest questionnaire. Discussion

was done under the following headings:
5.1. GDD, Refractive Error and its deter minants:

The present study consisted of 56 children beldw®2ars age and 44 children above

or equal to 2.5 years. Among them, 45 were girts 3 were boys.

Mackie et al (1998) studied refractive errors ie #ge range of 1 to 17 years. They
found that refractive errors were more prevalerthitdren older than 5 year8? An
American study (2008) proposed that the outcommbbas in normal children during
the first few years changed drastically with aged this might apply to children with
global developmental delay (GDD¥® A South Indian study (2007) found that
refractive errors changed with age. Study of higltearge of age revealed a large
number of changes. This study advised small agespppte groups to study the
refractive errors and its determinarf§! Hence, the unexplored area of children in
the age group of one to five years was evaluatedisnstudy. Further, evaluation of
all variables was done as combined age group (@absy and separately for children

under 2.5 years/ 2.5 years and above.
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Refractive error distribution in both the groupsswagnificant. Refractive errors in
the younger age group, were more in the severe®Dpg(43%) and less in the mild
group (18%), which corresponds with other Indiamdis (2011°”. This confirms
the theory of better neurological development irebeal association areas in milder
GDD, leading to lesser errors. However, in oldeildcan, maximum number of
children with refractive errors were seen in milddroup (50%), which was different
from the pattern in the younger group and othedystesults. The likely explanation
of this being that, as it is a hospital-based sty not community based one, parents
enthusiastic in the initial years, lose hope ohasiasm leading to reduced patient
follow up, in children with severe and profound IDhis stresses the need for
counselling and creating awareness in parents dbeumportance of follow up care,

as these children grow up.

The present study found myopia in 21%, hyperopid@ifo and astigmatism in 8%
children. The study in Shanghai (2016) found lowvatence of myopia in 3 to 5
years, but increasing prevalence after 6 yeargesimg a strong environmental role
of schooling on development of myopi#! A meta-analysis in 2017 done on normal
children, reported astigmatism as the most comnadractive error, followed by
hyperopia and the least common was myofjfhRefractive errors were four times
higher in children with disabilities than thosenaurologically normal age matched
children. ¥ The Indian study done in 2007, on children with iyentricular
leukomalacia (PVL), stated that myopia startedh®yage of four year€® Arsen et
al found 40% hyperopia, 21% astigmatism and 46% pisyd>® Prevalence of
hyperopia was 47%, myopia 41% and astigmatism 10% handicapped children
house ® Distribution of hyperopia was similar in the prasstudy, being more in

moderate ID group (55%), followed by severe ID gr§d1%). But the distribution of
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astigmatism and myopia were unlike the presentysfathich were more in mild 1D

group). In all the groups, hyperopes were maximuth o), but this was not
statistically significant. The range of refractieeors was large (-7 D to +5.5 D). The
distribution in majority of children was low to mexte hyperopia. However, the

presence of moderate and high myopia, lead toaeased refractive error range.

In this study, cerebral palsy was the most commanse, found in 40 children,
followed by syndromic causes like Down syndrome,ck8é syndrome and
miscellaneous like mitochondrial dystrophy in 12afen. Though in 48 children, in
spite of rigorous work-up the cause could not lemified. Watson et al expected that
visual outcome depended on the etiology of CVI, Butprisingly found no
relationship between the etiology and improvemantisual function, similar to this

study.!’"!

Out of 13 preterm babies, only two had periventaculeukomalacia (PVL).
Hyperopes were in majority in both term and prentehildren. In a study done on
preterm babies without GDD, incidence of hypermgitovas more!®®! Gestation
and incidence of refractive errors showed an ireveetationshipA study on cerebral
palsy children, compared refractive errors in pratenvith term and showed no
statistical significant difference between the tgroups for hyperopia, myopia and
emmetropia, similar to this study. The preterm grebowed a significant increase in
astigmatism. According to them, prematurity is antadded risk for refractive error
development®!This study showed a higher prevalence of hyperdpiespective of

consanguinity.

A study on cerebral palsy found strabismus in 5@%he subjects, whereas in the

general population it was 3%. They attributed thgh incidence to lesions in the sub
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cortical oculomotor center or cerebellum which aigrbinocular vision'*Disrupted
binocular vision hinders the learning process. AitBandian study found 81.6%
strabismus (esotropia in 58%) and 36.8% nystagifies.high prevalence was due to
these studies being done in specific populatiBisviany studies estimated the range

from 14 to 399%,58:61.97.98]

The percentage of strabismus and nystagmus were maour study, as the study
population was children having refractive errors%@and 12% respectively). A study
on Down syndrome found that 10 out of 11 strabisoases had esotropia with a high
prevalence of hyperopia, similar to the presenthstfi® But an Indian study with

15.7 % strabismus showed exotropia in 54% child?&n.

Children with strabismus had a mean IQ lower tHaose without®® There was a
significant correlation between refractive erromsl atrabismus with that of low 1Q.
(19 An Indian study showed no association betweenrigwef mental retardation,
strabismus and refractive erfStsimilar to the present study. Distribution of
esotropia was similar in all types of disabilityowever, study with a larger sample

could suggest a definitive pattern.

A study on normal children showed that strabismasotfopia) was more in
consanguineous couplé§! Though esotropia was more than exotropia in aunyst
difference was not significant between consangpi@hd squint, similar to an

Egyptian study done on normal school going childféft
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5.2. Improvement in vision after intervention

Spectacles were prescribed and the children wellewked up according to the
protocol. Accommodation was within a normal ran§e-@.5D to 0.75D in moderate
hyperopes and in cases of corrected high myopesordimg to Brookman, no
correlation was found between accommodation amact¥e error, except in highly
hyperopic kids*%¥ In this study, only four cases with hyperopia afrmthan 4 D

had a lag of 1D. As this is a borderline lag anelséhchildren had minimal visual

performance in sitting position, near correctiorswat advised.

Compliance for spectacle wear was 91% in this study. This high positive response
was the result of parental counselling stressinghenimpact of good vision on the
overall development of the child. They were alsarselled regarding the right
“critical” age to correct vision, resulting in maxum benefit. However, compliance
was judged on the basis of availability of spe@sabn the child, at the time of

hospital visit and parents substantiating the same.

On comparing the birth weight, 26 children were born below normal weight. The
mean weight was above 2500 g in all groups andéyemg significant correlation
with developmental quotient was found. Studies sfbtiat low birth weight lead to
increase in myopia. Astigmatism also showed sigaift positive correlation with
birth weight. ! But, hyperopia was more in this study. In thisdgtuvisual
improvement was seen in 53 % of normal weight tstae compared to less than 34
% in low weight babies. However, it was not statadty significant owing to the

small number of low birth weight children.
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On evaluating the mode of delivery, forceps delivery cases which were merged with
normal delivery cases, because of the small numfleswed less improvement
compared to others.The improvement in vision esrgsanguinity had no statistically
significant association. Moreover, there was naificant difference betweetype of

squint and visual improvement.

Preterm children with cerebral palsy had visuo-perceptogpairment (VPI), i.e.,
difficulty in processing and analyzing complex \@sinformation.**“Poorer visual
outcome was seen in preterm with optic radiatignnn than visual cortex injury
seen in term babies, because of lack of nerve fidasticity in optic radiation
compared to cortical neuror&®® Critical developmental period insult in premature
infants lead to extensive visual pathway damaf® Low birth weight preterm
children without GDD, at 8 years of age, receive®l-gear intervention from birth to
3 years. They showed a moderate difference reladethe intervention in both
cognitive and academic skills; but reduction insthesffects on discontinuing the
intervention was noted’®” In the present study, visual improvement was 50% i
term, as compared to 23% in preterm born childifem differences were statistically
significant. Moreover, 30% pre-term children showeeterioration in vision in
comparison to 3% term children. This could be assed with the fact that majority
of children born preterm where falling in the profid and severe ID group, who
showed very less improvement or deterioration #iovi. Thus, preterm children with
GDD would need aggressive and continued intervaentiarther, sub-categorization

of pre-term needs to be studied.
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5.2.1. Improvement in vision by Refractive error

Improvement in vision in myopes was observed ir{7/l8%) children compared to 29
(41%) hyperopes. Myopes were more in the mild IOiegary. Though the
improvement was not statistically significant, &ncbe observed that as majority of
hyperopes were in the severe ID group, improvensesibwer or less in children with
low DQ. Amblyopia could also be an affecting factdlisual development has a
sensitive or critical period. Any abnormal visuaperience during this period causes
amblyopia. Hyperopia until the age of 4 years cdus@blyopia in children2°81%°!
Normal developmental regulation towards emmetropés not impaired by early
correction of this hyperopt&®This implies that sustained efforts and follow wp f
longer period could show improvement in childrerthwiower DQ. Moreover, the
distribution in myopia and hyperopia group was wagto draw a valid conclusion
regarding which refractive error shows more improgat. As visual improvement
was noted more in relation to the grading of DQ i@smyopes with mild ID
improved more than hyperopes in severe ID), it lbarobserved that, irrespective of
the type of refractive error, the baseline DQ lsveletermine the amount of

improvement. Better the DQ, more the visual improgat.
5.2.2. DQ by Improvement in vision

Based on a Pune study, one fourth (26.4%) of anildvith learning disabilities in the
age group of 1- 16 years had improved vision wéfraction and became socially
active.® In a retrospective study done on CVI patients, 48f@wed improvement
in vision with correction, after a mean duration &b years.[m It revealed no

statistical relationship between the age and chamgesual acuity. A questionnaire-

based study found that the youngest age group ®fy@ars showed maximum
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improvement!In the present study, 47% children showed clinjcalid statistically
significant improvement in vision. Unlike other dies, irrespective of the age group,
visual improvement was more in mild ID group (69%8n in severe 1D (26%) group.
Observations were made that children with better\i#pe the ones who responded
faster to the visual correction. According to Bafle80), mild or borderline category
was usually the socio-culturally deprived childrand they had a better chance of
improvement after correction, than the severe cayedrhe better development of
cerebral association areas in mild ID could also @e explanation for this
improvement. The present study proved that childvéh mild ID had improvement
in their functional vision and in DQ test scoresnfer follow up might be needed to

achieve the same amount of change in the lower DQpPg.
5.2.3. Social behavior

Evaluation based on questionnaire revealed thagénpaperceived an evident change
in the social behavior of the children. In casesrhonly few questions in the
guestionnaire reported a positive change, were raffécted in the quantitative
analysis. Nevertheless, parents were happy withcttemges seen in their child’s
temperament. This highlighted the effect of impigensory input, which made the
world around them clear and better. The questioart@sed on motor and behavioral
activities found a significant improvement in sodiahavior of children whose vision
improved after correction. Out of 47 who showed fiayement in vision, 39 (71 %)
of them showed improvement in social behavior, Whi@s clinically and statistically
significant. Age related change in behavior was sanificant, stressing the
importance of intervention in these formative yedisis was one of the few studies

quantifying and associating the improvement in bavawith DQ. Children with
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mild ID improved grossly in social behavior (44%|lowed by moderate ID. This
followed the pattern of improvement in vision arahde attributed to betterment of
functional vision. A simple intervention had a sfgrant impact on the functioning of

the child on a daily basis.

5.2.4. Post by Pre-intervention Developmental Quotient

In children below 2.5 years, in the mild ID groug10%) deteriorated to moderate

ID, rest were remarkably constant. Overall 12 (2d).4howed improvement in DQ.

In children above 2.5 years, in the mild group,%4)5mproved to borderline on sub
grouping. Overall 2 (4.5%) improved. Thus, in theugger children, improvement
was more in the moderate ID group after refracéwer correction (32%), than in
other groups. In the older children, improvemens were in the severe group (14%).
On evaluating the combined age group, overall impmeent in DQ was statistically

significant at 14 %, rejecting the null hypothesis.
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Graph 3: Improvement in DQ in relation to improvement in vision
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Mild ID group showed improvement in vision in 228(8%) while DQ remained
largely constant. But deterioration was very lesmpared to other groups, proving
that the maximum capacity had been attained in tAdra need of these children was
functional improvement. Though, visual growth oced; neural plasticity came
down and the scope of exponential improvement invQintellectual development
reduced. This was the most likely explanation fanimal DQ improvement in spite
of maximum visual improvement in the mild ID grouphe improvement seen in
severe ID group could be explained by the Watsoal ¢eory of fnore room for
improvement”. Watson et al study concluded that the worseonisiroup improved
better than the initially better vision grodf! They found that the worse group had
“more room for improvement” which lead to greatbange. They also said that the
better vision group was expected to show substamtiprovement which didn’t
occur. The findings in the present study subst@ntthis theory. The effect of
improvement in functional vision on overall inteltaal development and efficiency

of the child are immense. Bader and Woodruff stsiigwed improvement in the new
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glass group and in the youngest age group (0—€syé7éﬂ'hey reviewed the effects in
behavior qualitatively, after two months of glasaad concluded that improvement in
the ability to walk, grasp objects, etc. was na¢ tlu maturation. This holds good for

the present study too, as the follow up period @fasx months.

Our study deduced that spectacles change the Ispati@eptions and thus result in
improvement in DQ. It proved the hypothesis thatenchange occurs in the younger
age groups. Significant age effect was seen againeger group improved more than

the older.

A 2018 review report concluded that the treatmemdlg in these children were
changing and the concentration was on “Deinstitatization” and “Mainstreaming”.
I This study was a step towards achieving this goal focused on quantitative

evaluation of DQ improvement in relation to visuraprovement.
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6. CONCLUSION

The youngest age group of 1-5 years was studieldigxely, after giving refractive
correction and assessment was done for visualyadoiellectual development via
DQ and social behavioral changes. The improvemeah sn the short span of six
months could not be attributed to maturation. Isvgaen that as age increased, the
amount of improvement decreased, proving the afgetefThus, confirming the fact
that the earlier the intervention, greater the mepment in their DQ. The younger
age group with severe ID improved better with méertion, as neural plasticity was
better. Even in the children with persistent deldng functional outcome improved,
implying that children were able to adapt betterthieir environment. In spite of
severe neuro-ophthalmological damage in theserehildnd difficulty in quantifying
visual acuity, prolonged observation showed thatuai perception was conserved.

Hence, it was important to persevere and contiodebilitate and rehabilitate.

The multifaceted therapy in children with GDD wasity. It includes

multidisciplinary integrated approach such as etiocal resources, occupational
therapy, speech and language therapy, social seiniervention. Harmful effects of
sensory visual deprivation on the development andtioning could be dampened by
spectacles therapy. This was a simple and easdylatle cost-effective strategy.
Also, from a Pediatrician’s view point, in the métid moderate 1D group, significant
cognitive improvement leads to increased scholapgdormance, getting these

children into mainstream.

In the backdrop of increasing neurological casesntfian scenario, the cause of
which is multi factorial like poor parental car@nsanguinity and nutritional issues,

this study stressed on the need for awareness artiendreating pediatricians,
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ophthalmologists and parents/care takers regarmmly ophthalmic care. Hence, in
children having global developmental delay and adfve errors, mandatory

refraction and prescribing glasses at an early agates a positive impact on

functional vision and scholastic aptitude.
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7.LIMITATIONS

Although children with incomplete medical recordsrerexcluded from the study (to
reduce bias), there still remains a possibilityredall bias, as data on prenatal and

perinatal risk factors were collected retrospetyive

Lack of comparable numbers in various types ofaetive errors, term-preterm
children and different modes of delivery limitecetcomparative analysis of these

variables.

The presence of a control group would have boastedesults. However, it was not

ethically feasible and hence, pre post design Waptad.

Compliance for duration of wearing glasses wasdasethe parents’ observations.

Visual evaluation was based on the child’s eyeknewvement. Thus, motor
co-ordination of the eyes and neck was essemtthbdow motor ability would give a

false negative test.

Overall treatment of the child was multi factoridlhough caution was excised to
reduce confounding factors, it was not possibleunh cases to completely exclude

the co-morbidities.
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8. RECOMMENDATIONS FOR FUTURE RESEARCH

Further studies comparing the different types of refractive error, within the
various grades of GDD, with long term follow up is suggested.

The timing of actual testing in children with GDD needs to be addressed, as to
the right age at which the yield would be optimal.

Sub categorization of pre-term children, on the basis of gestational age, with
more number in each group needs to be studied.

Also, the influence of maternal health and education, the aspects of quality of

life and social support by the family need to be addressed.
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9. IMPLICATIONS

These results are useful in clinical management of GDD, by providing quantitative

information regarding visual impairment and chances of improvement.

It provides assistance in setting up guidelines for early childhood intervention
programs by schools and rehabilitation work by social agencies. It aleviates parental

anxiety and helpsin genetic counselling.

In this view, implementing mandatory quantitative evaluation of visual acuity and
refractive correction in children with GDD, would go a long way in the overal
development of the child. The child can benefit from Individualized Education

Plan (IEP) provided based on these evaluations.
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10. SUMMARY

GDD, a chronic condition of early onset developrakdisabilities, has disturbances
in the attainment of motor, cognitive or languaged asocial skills. This has a
continuous and significant impact on the child’'selepment. By definition, “GDD is
a significant delay (at least 2 SD below mean)titeast two of the following major

Developmental Domains

1. Gross and Fine motor

2. Speech and Language

3. Cognition

4. Social and Personal Development

5. Activities of Daily Living.

Typically, a delay in two domains implies delayass all domains”.

This is a new paediatric morbidity on the rise.sTputs a huge emotional, economic

and social burden on the individual, family and ¢beiety at large.

Children with GDD had associated sensory defigitshsas primarily visual defects,
largely leading to their poor performance. The p@arformance was wrongly
attributed to their poor 1Q and lead to impropeading of their disability. Studies
showed that without any intervention, these childtentinued to fare poorly in their
developmental age. The main aim was to deinstitatise these children and bring
them to mainstream. There were studies on the |enes@ of visual defects, especially
refractive error in these children. Refractive em@s ten-fold more than in normal

children. This called for timely intervention, i.@n their critical formative years.
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Though children were more receptive in the firgefyears, this area was relatively

unexplored.

This study attempted to intervene, correct theagive errors and observe the change
in their developmental quotient and social behavidhe null hypothesis was “there
will be no improvement in DQ and social behaviofielarefractive error correction”.

The outcome variables were visual acuity, DQ ammiasbehavioural changes.

The sample consisted of 56 children below 2.5 yages and 44 children above or
equal to 2.5 years. 45 were girls and 55 of theysb@hildren in the younger age
group with refractive errors were more in the sevéd group, than mild and

moderate ID groups. This confirmed the theory dféseneurological development in

cerebral association areas in milder GDD.

After refractive correction, significant visual imgyement in response to refractive
correction in term children was seen, when compdcegreterm. Thus, preterm
children with GDD need aggressive and continuecerugntion. Significant

improvement in visual acuity was seen in 47% chkiddrrespective of the age group,
mild ID group improved the most and least improvameas seen in severe ID
group. Observation could be made that children witter DQ were the ones who

responded faster to visual correction.

Out of 47children who showed improvement in visi@8, (71 %) of them showed
improvement in social behaviour, which was clinigand statistically significant.
Age related change in behaviour was not significargon the importance of
intervention in the formative years. This was ofh¢he few studies quantifying and

associating the improvement in behaviour with DQild@en with mild ID improved
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grossly in social behaviour, followed by moderabe This followed the pattern of

improvement in vision and could be attributed tddrenent of functional vision.

On evaluating the combined age group, the ovemaprovement in DQ was
statistically significant at 14 %, rejecting thellrwypothesis. Mild ID group showed
visual improvement in up to 69%, but the moderaie severe groups showed better
improvement in DQ. This paradox, minimal DQ improent, in spite of maximal
visual improvement was explained by the Watson rtheaf “more room for
improvement” i.e., the limit of neural plasticity the cortex in these subjects, who
had a primary cerebral damage, limited the expaaleiniprovement in DQ. Further,
though improvement was less, deterioration was lals® in this group, proving that
the maximum capacity to improve had been attaiffétese children would need
functional improvement, so that they show schatastiprovement and thus, join the
mainstream. Though visual improvement and functiet®on were reported in few
guestionnaire-based studies, quantitative evaluatidQ improvement in relation to
visual improvement was an unexplored area. Thidysfacused on that lacuna and
found that null hypothesis was rejected. Vision tiayed in the mild group,

irrespective of the age, leading to improvemersdaial behaviour.

Earlier, the concept was, most of these childreruldvanot become productive
members of society and would need institutionalizace. Health care cost was also
gross. But this study showed otherwise. With intation, the younger age groups
with severe ID showed more improvement, as neuastipity was better. Earlier the
intervention, greater the improvement in their DEYen in children with persistent
delay, the functional outcome was better. This ietplthat children were able to

adapt better to their environment.
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In spite of severe neurological and neuro ophthldgical damage and difficulty in
quantifying the visual acuity, prolonged observatshows conservation of visual
perception in these children. Hence, it is impdrten persevere and continue to
habilitate and rehabilitate. This study stressedhenneed for awareness among the
treating Paediatricians, Ophthalmologists and gareggarding early and mandatory
ophthalmic examination. The multifaceted therapychildren with GDD is costly.
Simple, cost-effective strategy is spectacles whichkes a spectacular positive

impact, in case of children with GDD.
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ANNEXURE | — CONSENT FORM

Impact of Refractive Error Correction on Mental and Visual Development in

Children with Global Developmental Delay

* Your decision about your child participating inghstudy is voluntary. This
means you are free to decide on behalf of youddhbilparticipate in this study
or not.

* You are free to stop study treatment and studytedlactivities at any time
and without the need of giving any reason.

» If you do not want to participate in this studyemhthis decision will not affect

your medical care.

Goals of clinical research:

1. To find a treatment that may be better or safen tharrently available
treatment
2. To gain knowledge that may benefit others, evemghoat this time no one

can be sure that this research treatment will lgfiefor you

Purpose of this study:

Children with Global developmental delay may alaffes from eye problems called
refractive error. This means the image falling lo@ ¢ye is not on the retina and they
have blurred vision. If this condition is not tredtwith glasses, they may have low
vision all their life. This further affects theiverall development and they may be
falsely termed as very poor development, because ¢lyesight is poor. Hence, this
study will help to improve their eyesight and sé® teffect on their overall

development.
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Procedure:

If you agree for your child to be a part of thedstyou will be asked the relevant
perinatal history and your child will be subjected relevant clinical ocular
examination. You may have to answer certain questertaining to the disease and
if selected for the intervention group, (i.e., wegrof spectacles) will undergo a
protocol for refraction i.e., checking the numbdrtibe eye and DQ assessment
(developmental assessment)and will answer a queestice regarding your child’s

everyday activities. Your study participation walbt for up to six months.

Risk and Benefit

The only risk and possible discomfort the child htiget is while putting eye drops
for the refraction testing. It might lead to minintarning sensation. This is a routine

procedure for eye check-up, for all paediatric qugaip.

Alternatives

Taking part in this study is voluntary. You may ole for your child, to not take part
in this study, or if you decide to take part yown dater change your mind and
withdraw from the study. Your decision will not etge the present or future health
care or other services that you receive. The staijor or sponsor may stop your
participation in this study any time. If you choasat to take part in the study your

child will receive standard treatment for patientth your child’s condition.
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Privacy and Confidentiality

All information collected about your child duringet course of this study will be kept
confidential to the extent permitted by law. Thelemumbers will identify your child

in this research record.

Institutional / Sponsors Policy

Does not apply to this research.

Financial Incentives for Participation

You will not be charged any amount for the invesigns subjected to your child,
other than the standard care of management. Ydunailreceive compensation or

reimbursement for taking part in this study.

Authorization to Publish Results

Information from this study may be published bueritity of your child will be

confidential in any publication.
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Consent Statement

| voluntarily agree on behalf of my child to takarpin this study by signing below. |
may withdraw at any time. | am not giving up anyrm¥ child‘s legal rights by
signing this form. My signature below indicatestthhave read, or it has been read to

me, this entire consent form, and have had all ogstjons answered.

Name of Study Participant or legally authorizedrespntative:

Signature / Thumb Print:

In case of the queries during study or in futura geay contact following person.

Principal investigator : Dr. Smitha.K.S. Phone968319436
Research Guide : Dr. V. D. Patil Phone:

Name of Witness: Signature:
Investigator Name: Signature:

Date:

Place:
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ANNEXURE Il — ETHICAL CLEARANCE

—— ~
W KLE UNIVERSITY

E {Formerly known as KLE Academy of Higher Education & Research, Belgaum)

iectacad i Decend-birhe-Liniversiny wia 3 of the LGE Act, 1958 yide Govemment of bubia Notification Mo F S-10T0001T 304 5

UNERSITY ‘Accredited ‘A" Grade by NAAC
Office of the Registrar, KLE Unjversity,

SN Compns, Nedww Nagay, Belgawm-390 070, Karmataka St Frelica

& O831-2444344/ 2493779 FAX: 0831-2493777 Web: http:/fwww kleuniversity.edu.in E-mall: Infekleuniversity. cdu.in

Ref No.KLEU/Ethic/2012-13/ D - lf S66. Date:18-3-2013.

To,

Dr.Smitha K.8.
Ph.D.Scholar,2012-13
K.L.E. University, Belgaum,

Dear Research Scholar

Sub:- Regarding Ethical Clearance.

The KLE University Ethics Committee on Human Subjects for Ph. D Research
Project met on 8" March 2013 to consider your application for approval of the research

project “EVALAUTION OF IMPACT OF EARLY CORRECTION OF
REFRACTIVE ERRORS IN CHILDREN WITH GLOBAL
DEVELOPMENTAL DELAY™.

As there are no ethical issues involved in your proposed research project., the
committee has provided approval for this research project.

You are requested to report to Ethical Committee of the following:
1. Any deviation from or change of the protocol.
2. All serious adverse events,
3. Any changes in study documents.

Sl

J? r. Hema Dhumale) (Prof. Sudha A.Raddi)

Member Secretary, T Chairman

Ph.D. Ethical Committee(Human), Ph.D. Ethical Committee(Human),
K.L.E. University, K.L.E. University,

Belgaum. C&&, Belgaum.

CC to: - The Director Academic Affairs, KLE University
= The Director Research Foundation, KLE University
- The Registrar. KLE University

\ - Special Officer to Hon. Vice Chancellor, KLE University, Belgaum __/
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ANNEXURE IlI- PROFORMA

Impact of Refractive Error Correction on Mental and Visual Development in

Children with Global Developmental Delay

Name: OP.No:
Age: Date:
Sex:

Address:

Birth order:

Socioeconomic status:
Parent’s/ guardian’s name:
Relation:

Mother tongue:

Chief complaints:

Who detected the problem first?
History of presenting illness:

Past history.  h/o use of spectacles
Birth history :

Antenatal

Fever with rashes No(0)/ Yes(1)
PIH No(0)/ Yes(1)
Others No(0)/ Yes(1)

Gestation period [ | ] weeks

Birth weight: [T T T ]orams

Delivery: normal (O)forceps (1) CS (2)
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CRY: Immediate(0) delayed(1)
History of:  Oxygen therapy No(0)/ Yes(1)

Neonatal jaundice No(0)/ Yes(1)

Convulsions No(0)/ Yes(1)

Others No(0)/ Yes(1)
Milestones: normal (0) delayed (1)
Family history: Pedigree
Consanguinity: absent(0) present(1)

General physical examination:
Nutritional status:

Systemic examination:

CNS normal(0)/ abnormal (1)
CVS normal(0)/ abnormal (1)
PA normal(0)/ abnormal (1)
RS normal(0)/ abnormal (1)
Gross anomalies: absent(0) present(1)

Auditory anomaly:  absent (0) present(1)

Ocular examination:

Head posture normal(0)/ abnormal (1)
Facial symmetry symmetrical(0) asymmetrical(1)
Visual axes parallel(0) unparallel(1)
VISUAL ACUITY RE LE

Fixes/Follows light

TAC/ PLT
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VISION ASSESSMENT:RE LE

Vision with TELLER ACUITY CARD: CT T 1] C T T T

RE LE

AT 38cm | 55cm 84cm 38cm 55cm 84cm

I.OBSERVATION

I.LOBSERVATION

Total duration of the test:

BINOCULAR VISION AND MOTILITY:

Orthophoria(0) esotropia(l) exotropia(2)

Cover test

Hirschberg test

Krimsky test
Extra ocular movements: normal(0) restricted(1)
Nystagmus: absent(0) present(1)

OCULAR HEALTH ASSESSMENT

ANTERIOR SEGMENT: normal(0) abnormal(1)

POSTERIOR SEGMENT: normal(0) abnormal (1)
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REFRACTION RECORD

Cycloplegic Retinoscopy RE LE
Working distance
Subjective Refraction

Eyes SPH CYL AXis V/IA

Supplemental testing:
Electrodiagnostic testing
BERA

MRI

Developmental Quotient/ IntelligenceQuotient:

Pediatric diagnosis:

Ophthalmic diagnosismyopia(0) hypermetropia(1) astigmatism(2) ambly(@ja

FOLLOW UP:

DATE:

DQ/IQ:
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RE LE

Vision with TELLER ACUITY CARD [ [ [ [ | [T T 11

RE LE

AT 38cm| 55cm 84cm 38cm 55cm 84cn

I. OBSERVATION

II. OBSERVATION

Total duration of the test:

QUESTIONNAIRE: deteriorated(0) no change(1) improved(2) cannat3ay
| SOCIAL BEHAVIOURAL CHANGES:

1.Has eye to eye contact changed? |:|

2.Has concentration span changed? |:|

3.Has frequency of temper tantrums changed? |:|

4.Has amount of supervision required changed? |:|

II. GROSS MOTOR SKILLS:

5.Has head posture changed? |:|
6.When eating has spillage changed? |:|
7.Has balancing/ walking ability changed? |:|
III.LFINE MOTOR SKILLS:

8. Reaching objects? I:I
9. Grasping objects? I:I

10.Has quality of the end product changed? I:I
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ANNEXURE IV — PHOTOS

DASII SET

Retinoscopy
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DASII test

Vision test with Teller Acuity Cards
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Child with Strabismus

Child with Spectacles
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Original Article

Impact of refractive error correction
on mental and visual development in
children with global developmental
delay

K. S. Smitha, V. D. Patil', Mahesh D. Kamate', Madhav Prabhu?, Umesh Harakuni,
O. P. Rakshitha

Abstract:

PURPOSE: The purpose of the present study is to evaluate visual acuity and refractive status in
children with global developmental delay (GDD) and to study the effect of early correction of refractive
errors on vision and developmental quotient (DQ).

METHODS: In this case series data with pre—post design, 100 consecutive children from 1 to 5 years
of age diagnosed with GDD attending the child development clinic and referred to ophthalmology were
evaluated for ocular complaints, status of visual acuity, and type of refractive error. Glasses were
prescribed on the basis of cycloplegic retinoscopy. Etiological diagnosis and DQ were documented.
Follow-up was done after 6 months for visual acuity, DQ, and qualitative questionnaire administered
for the caretaker. Statistical analysis was done using the Chi-square test.

RESULTS: Fifty-six children were <2.5 years of age and 44 children were >2.5 years. Severe GDD
prevalence was more in children <2.5 years (43%) and mild GDD in >2.5 (50%). Of 47 who showed
improvement in vision, 39 (71%) showed improvement in social behavior also, which was statistically
significant. In children <2.5 years, more improvement in DQ was seen in the moderate intellectual
disability group after refractive error correction. However, in the children of 2.5 years and above,
more improvement was seen in the severe group. Overall, improvement in DQ in children from 1 to
5 years was statistically significant at 14%.

CONCLUSION: Harmful effects of sensory visual deprivation on the development and functioning
can be dampened by a simple and cost-effective approach of spectacles therapy which makes a
spectacular effect in the case of children with GDD.

Keywords:
Developmental quotient, global developmental delay, refractive error

Introduction

lobal developmental delay (GDD)

is a developmental disability in
children <5 years of age and refers to a
significant delay in at least two of the major
developmental domains: gross/fine motor;
speech/language; cognition; social and
personal development; and activities of daily
living. Generally, all domains are affected.™ A

This is an open access journal, and articles are distributed
under the terms of the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 License, which allows others
to remix, tweak, and build upon the work non-commercially,
as long as appropriate credit is given and the new creations
are licensed under the identical terms.

For reprints contact: reprints@medknow.com

study done in 2005 focused on the outcomes
or natural history of children diagnosed early
in life with developmental delay, without any
intervention, after a mean duration of 4 years
and found that 75%-100% of the children
remained below the mean scores compared
to age-matched normative data. They found
persistent poor performance at school age
in both developmental and functional
outcomes.”?! GDD has a primary initiating
factor of cerebral damage and secondary

How to cite this article: Smitha KS, Patil VD,
Kamate MD, Prabhu M, Harakuni U, Rakshitha OP.
Impact of refractive error correction on mental
and visual development in children with global
developmental delay. Indian J Health Sci Biomed Res
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compounding factors such as associated visual or auditory
defects.P! Visual impairments range from 13% to 50% and
audiologic impairments of 18%. Visual impairments
affectintellectual development and motor achievement by
hampering neurological development.®® The American
Association of Neurologists says that the diagnosis in their
formative years leads to better outcome.”!

Johnson and Zaba study found that of the various ocular
manifestations, refractive error is the most common
(20%—60%) and 80% of learning by children is through
the visual information.® The process of emmetropization
involves or is guided by visual feedback mechanism.!
Thus, visual deprivation in infancy leads to retention
or increase in refractive errors. Although intellectual
disability (ID) is not treatable, visual impairments benefit
from early intervention."”! Vision is central in early
interaction and motor development. Intervention at this
crucial age is important as the child is most receptive and
hence should not be missed.

Intervention is aimed at improving the disturbed
visual sensory input, to enhance child’s neurological
development through visual support and increase the
educational gains and decrease dependence on social
institutions, providing economic and social benefit.

Studies are lacking in the youngest age group with
GDD, i.e., under 5 years with quantification of visual
acuity and development quotient (DQ), before and after
treatment. Thus, we aimed at correcting this important
sensory input of vision at the young age of 1-5 years and
evaluating its effect on visual and mental development
and factors which are affecting it.

Objectives

To study the effect of early correction of refractive errors
in children of age 1-5 years with GDD on Vision and
Developmental Quotient (DQ) and their determinants.

Methods

Children of age below 5 years attending the Child
Development Clinic in Paediatric Department and
diagnosed with GDD were taken for the study. The study
comprised 100 consecutive GDD children attending
tertiary care teaching hospital of North Karnataka during
May 2014 to June 2017. Study design was pre-post. The
data about perinatal history of children and consanguinity
were collected from Medical Records. Children with
refractive errors without other ocular anomalies were
considered for the study. The expected cases of the
improvable refractive error as per the literature were
15%—-61%. Sample size was computed with 80% power
and 15% minimum expected improvement, as 100.

The protocol was approved by the Ethics Committee,
and as the kids are doubly vulnerable because of age and
inability to process information, written informed consent
was obtained from parents/legal guardians. Children
with progressive neurodegenerative conditions, auditory,
and other systemic abnormalities which could act as
confounding factors were excluded. After screening 164
consecutive children from 1 to 5 years of age diagnosed
with GDD, 120 were found to have refractive error.
Complete ocular examination of the anterior segment
and dilated fundoscopy was done to rule out any other
ocular abnormalities. After exclusions, 114 fitting the
eligibility criteria were enrolled. Final data analysis was
done in 100 children excluding children noncompliant
with glasses and who were lost to follow-up at the time
of reassessment after 6 months.

GDD children of age 1-5 years were assessed on the

following variables: visual acuity, refractive error, and

DQ. Follow-up was done after 6 months for the same,

along with a questionnaire for the caretaker. Compliance

factor was defined as wearing of spectacles for a minimum
of six waking hours.

e Vision assessed with preferential looking test
using Teller acuity cards. The accuracy (test-retest
reliability) of the acuity card test is one octave.
A difference of one octave was significant as per the
norms and considered as visual improvement.!!l
Assessments were made by two different observers
with a break of few hours in between and had high
interobserver agreement

* Asthestandard practice parameters are set for normal
children, the cutoff points for refractive error were
taken based on other studies of GDD.!2*!

Glasses were prescribed based on these cutoffs on

the basis of wet retinoscopy (with atropine to nullify

accommodation):

* Myopia of more than —0.50 diopter (D)

¢ Hypermetropia of more than +1.00 D

e Astigmatism more than 1.00 D.

¢ DQ - under 2.5 years— DASII (Developmental
Assessment Scales for Indian Infants)!'!

Above 2.5 years — Pandey’s Cognitive Development Test
for Preschoolers (PCDTP).l*!

ICD-10 - DQ is divided into grades according to the
levels of severity.['¢]

e Mild ID: 50-70

* Moderate ID: 35-49

* Severe ID: 20-34

e Profound ID: <20.

(As the number of children having profound ID was
small, it was incorporated in the severe ID group for the

118 Indian Journal of Health Sciences and Biomedical Research KLEU - Volume 12, Issue 2, May-August 2019



Smitha, et al.: Impact of refractive error correction on development in GDD

analysis). This testing was done by the Child Psychologist
of the Child Development Center of Pediatric Neurology
Department.

DQ improvement/deterioration was defined as the

change in the grade of severity.

* The questionnaire had three groups of questions for
gross motor, fine motor, and behavioral changes of
study children. Questions were drawn from adaptive
behavior scales which had previous validation.!

Statistical analysis

Quantitative variables such as refractive error, visual
acuity, and DQ were converted into interval scale for
analysis. Data were in ordered scale; contingency tables
were made for descriptive presentation. Chi-square test
was used to study the impact of explanatory variables
on visual acuity, DQ, and social behavior. IBM SPSS
Statistics for Windows, Version 23.0. Armonk, NY: IBM
Corp., was used for data analysis.

Results

In this study, 56 children were <2.5 years of age and 44
children >2.5 years. Forty-five were girls and 55 were
boys. In children <2.5 years, 43% were in the severe ID
group, whereas 50% of children in the older group had
mild ID, which was statistically significant (P < 0.001).

Of the 100 babies, 13 were preterm whereas 87 were term
babies. About 50% of term children had improvement
in vision compared to 23% in preterm, whereas 4 (30%)
of preterm children showed deterioration in vision
compared to 3 (3%) in term children.

On the evaluation of DQ by refractive error, in all the
grades of DQ, the number of children having hyperopia
was the highest [Table 1, P < 0.07]. Improvement in
vision in myopes was 71.4% which was the highest
although not statistically significant. Statistically
significant improvement was seen in 69% of children
with mild ID [Table 2, P < 0.003]. On comparing post
by pre-DQ, statistically significant improvement in
DQ in 14% of children from 1 to 5 years was noticed at
[Table 3, P < 0.000].

Discussion

Most of the previous studies have a wide range of age.
Hence, we have concentrated exclusively on children
under 5 years having GDD with refractive errors, (the
crucial period of brain development) intervention at this
period makes the maximum impact.

The evaluation of DQ was by DASII in children <2.5 years
and by PCDTP in >2.5 years. Hence, the evaluation for

Table 1: Developmental quotient by refractive error

Refractive Developmental quotient/DQ (%)

error Severe ID Moderate ID  Mild ID Total
Myopia 4 (19.0) 6 (28.6) 11(52.4)  21(100.0)
Hyperopia 24 (34.0) 30 (42.0) 17 (23.9) 71 (100.0)
Astigmatism 3 (37.5) 1(12.5) 4 (50.0) 8 (100.0)
Total 31 (31.0) 37 (37.0) 32 (32.0) 100 (100.0)

DQ: Developmental quotient, ID: Intellectual disability

Table 2: Improvement in vision by developmental
quotient

DQ Improvement in vision (%)
Remained same Improved Total
Severe ID 23 (74.2) 8 (25.8) 31 (100.0)
Moderate ID 20 (54.0) 17 (46.0) 37 (100.0)
Mild ID 10 (31.3) 22 (68.8) 32 (100.0)
Total 53 (53.0) 47 (47.0) 100 (100.0)

DQ: Developmental quotient, ID: Intellectual disability

Table 3: Post- by predevelopmental quotient

Pre-DQ Post-DQ (%)

Severe Moderate Mild Total
Severe 25 (80.6) 4 (12.9) 2 (6.5) 31 (100.0)
Moderate 4(10.8) 25 (67.6) 8 (21.4) 37 (100.0)
Mild 0(0.0) 1(3.1) 31 (96.9) 32 (100.0)
Total 29 (29.0) 30 (30.0) 41 (41.0) 100 (100.0)

DQ: Developmental quotient

all variables was also done separately in these two age
groups. In our study, 56 children were below 2.5 years
of age and 44 children were at 2.5 years and above.

We found a significant distribution of DQ in both the

groups:
e Severe ID children were more in children
<2.5 years (43%)

e Children with mild ID were more in age
group >2.5 years (50%).

Although equal distribution of children was seen in
all three grades of ID, younger group had more of
severe form and older group had more of the mild
form. This could be explained on the basis that this
was a hospital-based study and not community based
as in other studies, as parents of children with severe
and profound ID, who usually have other associated
disabilities too, enthusiastically pursuing treatment
initially lose hope leading to reduced hospital visits.

In this study, cerebral palsy was the most common
cause, found in 40 children followed by syndromic
causes such as Down syndrome, Seckel syndrome,
and miscellaneous in 12 children. In 48% cases, cause
could not be identified in spite of rigorous workup. No
relationship was found between the etiology of chronic
venous insufficiency (CVI) and timing of the insult on
the improvement of visual function."”
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Gestational period and birth weight

Kozeis et al. 2015 study found that prematurity is not
an added risk for refractive error development.¥!
Similarly, refractive error distribution was not significant
in preterm and term babies, but there was significant
correlation in response to the refractive correction. Term
children improved more than preterm. This stresses the
need for rigorous management in preterm children.

Refractive error by developmental quotient
McQuaid and Arvidsson report that refractive errors
are four times higher than in neurologically normal
age-matched children and the prevalence of hyperopia
is more. Moreover, refractive errors increase significantly
with severity of ID. Distribution of hyperopia was similar
in our study.!"!

The distribution in the majority of children was
low-to-moderate hyperopia. However, there are
children with moderate-to-high myopia, thus increasing
the range of refractive errors (-7 D to +5.5 D). Although
hyperopes were more in number, improvement
in vision seen was more in myopes at 15 (71.4%).
Hyperopia in the age group of 1-4 years was associated
with amblyopia.”?! Although hyperopia is present in
most of the children which could be normal to that
age in normal children, we feel that in children with
GDD, the fact that they are causing amblyopia, with
the added delay, justifies the need for correction, unlike
the children without delay.

Pigassou-Albouy studied a group of cerebral palsy which
found strabismus in 50%, whereas in general population,
it is 3%.”1 Of 100 babies, 69 had orthophoria, 22 had
esotropia, and 9 had exotropia. Nineteen (86.4%) children
with esotropia had hyperopia. The high incidence could
be attributed to the fact that they are done in specific
populations, similar to an Aravind Hospital Study.*!

Social behavioral change

Of 47% children, who showed improvement in vision,
39 (71%) showed improvement in social behavior also,
which was clinically and statistically significant, and
it was not age related. Maximum improvement seen
in behavior in the mild ID group (44% improved) was
similar to pattern of improvement in vision and can be
attributed to betterment of functional vision.

Improvement in vision in relation to improvement
in developmental quotient

A study done in Pune on the improvement in scholastic
activities concluded that 26.4% of children had their
vision improved with refraction.l”! A retrospective
study by Watson done on CVI patients found that
49% improved in vision after correction after a mean
duration of 6.5 years.” In our study, 47% improved

80
69

70
60
50 46
40 ——vision improvement
55 26 ——DQ improvement

15 21
20 =
10 S

0 T T
Severe Moderate Mild

Graph 1: Improvement in vision in relation to the improvement in developmental
quotient (%)

Table 4: Improvement in vision by improvement in
developmental quotient

ID Improvement in vision (%) Improvement in DQ (%)
Severe 8 (26) 6 (19)
Moderate 17 (46) 8 (21)
Mild 22 (68.8) 1(5)

DQ: Developmental quotient, ID: Intellectual disability

which was clinically and statistically significant [Table 4
and Graph 1].

The improvement seen in vision was more in mild ID
group (69%), followed by the moderate (46%) and least
seen in severe ID (26%) children.

Even though maximum improvement in vision was
seen in mild ID group, DQ largely remained same.
This is contrary to what one would expect. However,
deterioration was also very less compared to other
groups. It was also seen that the amount of improvement
was less in the moderate ID group than the severe group
in the older age children stressing the Watson et al.’s
theory. They concluded that the worse vision group
improved better than the initially better vision group,
as worse group had “more room for improvement” that
leads to greater change. This explains the improvement
seen in the severe ID group in our study.

Although visual growth occurs, neural plasticity comes
down, and the scope of exponential improvement
in DQ through intellectual development and motor
achievement reduces, which explains the minimal DQ
improvement in spite of maximum visual improvement
in the mild ID group. Longer follow-up of up to 6 years
in few other studies has also shown that severe ID group
has more room for improvement, which was proved in
our study, quantitatively.

Is this just an age effect...??

Bader and Woodruff study showed the improvement
in the new glass group and in the youngest age
group (0-6 years). They reviewed the effects qualitatively
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in behavior after 2 months and assumed that the
improvement in ability to walk, grasp objects, balance,
etc., was not due to maturation."” They deduced that
spectacle changes the spatial perceptions and results in
improvement. In our study, the improvement seen on
follow-up after 6 months is a short span and cannot be
attributed to maturation. This was confirmed by our
analysis of 20 children with GDD without refractive
error after 6 months who showed no statistically
significant difference/improvement in DQ, ruling out
the age effect.

Conclusion

In both age groups, severe and moderate groups show
better improvement in DQ than mild ID group. However,
it is also seen that as age increases, the amount of
improvement decreases. Thus, proving the fact that the
earlier the intervention, greater the improvement in their
DQ, as neural plasticity is better.

These results are useful in the diagnosis and clinical
management by providing quantitative information
about visual impairment. It is useful in alleviation
of parental anxiety, assistance in early childhood
intervention programs, and genetic counseling. In
this view, implementing mandatory quantitative
evaluation of visual acuity and refractive corrections in
children with GDD would go a long way in the overall
development of the child.

The multifaceted therapy in children with GDD is costly.
Spectacles are simple, easily available, and cost-effective
strategy. In the backdrop of increasing neurological
cases in the Indian scenario, the cause of which is
multifactorial such as poor parental care, consanguinity,
and nutritional issues, this study stresses on the
need for awareness among the treating pediatricians,
ophthalmologists, and parents/caretakers regarding
early ophthalmic care and the simple approach of
prescribing glasses which make a spectacular effect in
case of children with GDD.

Limitations

Perinatal history was collected retrospectively, which
could lead to minimal bias. Compliance in wearing
glasses for full waking hours could not be achieved.

Recommendations

The age at which these tests would give optimal results
should be addressed. Furthermore, the aspects of
quality of life and social support by the family need to
be addressed.
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ABSTRACT

BACKGROUND

Global developmental delay/intellectual disability are on a rise in children in the present time. Ocular and visual anomalies are
frequently associated with it of which refractive errors are the most frequent. This if goes unnoticed leads to strabismus and
amblyopia.

MATERIALS AND METHODS

This study aims to assess the prevalence of refractive error, strabismus and amblyopia among children with normal development
or global developmental delay/intellectual disability attending ophthalmology OPD at KLES Hospital, Belagavi. Case records of
all 200 new patients less than or equal to 12 years of age group who attended KLES, Dr. Prabhakar Kore Hospital between
January 2015 and December 2015 were retrospectively reviewed.

RESULTS

The male:female ratio was 1.22:1. Out of the total evaluated 200 cases, 130 cases were with normal development and 70 with
GDD/ID. Refractive errors were 85%, whereas the cases of amblyopia was 45.50% and strabismus 39.50%. Amblyopia with
refractive error having GDD/ID was stastically significant as compared to amblyopia with refractive error having normal
development (p=0.001).

CONCLUSION

Refractive error was the most common ocular disorder seen. Refractive error with amblyopia is more in children with GDD/ID
as compared to normal children. Owing to the high percentage of visual anomalies, ophthalmological referral becomes essential
in children with developmental anomalies.

KEYWORDS
Refractive Error, Strabismus, Amblyopia.
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BACKGROUND

In children, visual impairment is a serious disability and its
management under the campaign of vision 2020 is a main
priority of World Health Organization.! An estimate of 285
million people around the world are visually impaired. 19
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million being children below the age of 12 years. 43% of the
population is visually impaired due to refractive errors, which
is the principle cause of visual impairment in children.2 A
condition of the eye in which the eye fails to focus the image
on the retina resulting in blurred vision is known as refractive
error.? Strabismus is a condition where there is misalignment
of the eyes and in coordination between the extraocular
muscles, adversely affecting the binocularity, stereopsis or
depth of perception. Amblyopia is a developmental defect of
spatial visual processing that occurs in the central visual
pathways of the brain.* A critical period is the time when, if
cortex is deprived of normal stimulation, the functions and
development will be permanently disrupted. Strabismic
suppression causes reduced activity in cortical cells leading
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to amblyopia and amblyopia in this age will result in
permanent visual impairment.> Uncorrected refractive error
can result in strabismus and amblyopia. In children,
strabismus is a common factor contributing to amblyopia.
There is an increase in frequency of ocular, visual anomalies
and refractive error in children with global developmental
delay.® Uemera et al presented a classification of delayed
visual maturation. It has 3 categories, type 1 being patients
with visual maturation delay with no other anomalies, type
2 are patients with visual maturation delay who are mentally
retarded or have a seizure disorder, whereas type 3 children
are with visual abnormality and a superimposed visual
maturation delay.” Of the various ocular manifestations,
refractive error is the most common finding (51%) followed
by strabismus (18%).8

Objectives

To study the prevalence of refractive error, strabismus and
amblyopia in children under 12 years of age with normal
development or with global developmental delay/intellectual
disability attending the Ophthalmology OPD of KLES, Dr.
Prabhakar Kore Charitable Hospital and MRC over a period
of one year.

MATERIALS AND METHODS

This is a hospital-based retrospective study done to know
the prevalence of refractive error, amblyopia and strabismus
in children attending Paediatric Ophthalmology OPD of our
hospital referred from paediatrics and Child Development
Centre. Case records of all new patients less than or equal
to 12 years old who presented to KLES, Dr. Prabhakar Kore
Charitable Hospital and MRC between January 2015 and
December 2015 were retrospectively reviewed. Global
developmental delay is defined as performance that is two
standard deviation or more below the mean on age-
appropriate, standardised norm-referenced testing in at
least two or more developmental fields of gross/fine motor,
cognition, social/personal and activities of daily living.%10
This study included the cases of GDD/ID who had undergone
DQ/IQ test referred from the child development center to
Ophthalmology OPD of KLES, Dr. Prabhakar Kore Charitable
Hospital and diagnosed by the paediatric neurologist.
Children attending ophthalmology OPD with complaints of
blurring of vision, deviation of eyes, delayed milestones and
children with best corrected visual acuity less than 6/9
(20/30) on Snellen’s chart on examination were included in
the study. Data was stored for age, sex, clinical diagnosis of
refractive error, strabismus and amblyopia with or without
global developmental delay/intellectual disability. This data
was statistically analysed. The Chi-square test was used to
compare variables and a p value less than 0.05 was
considered statistically significant. Ratio and percentages
were calculated and tabulated. The results were described,
summarised and presented in tables.

RESULTS
Records of 200 patients were evaluated with a male:female
ratio of 1.22:1. Out of the total evaluated 200 cases, 130
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cases were with normal development and 70 with GDD/ID.
We observed that patients aged 2-6 yrs. old were the largest
group (45.50%).

0-1 2-6 7-12 Total
Year |Years | Years
Refractive error 22 73 75 170
Amblyopia 11 51 29 91
Strabismus 8 43 28 79

Table 1. Number of Cases of Refractive Error,

Amblyopia and Strabismus According to Age Group

22 cases of age group 0-1 year, 73 cases of age group
2-6 years and 75 cases of age group 7-12 years were
diagnosed with refractive errors, which were the most
common ocular disorder seen (85%). Wherein, 32.94%
children  were cases of global developmental
delay/intellectual disability and 67.06% had normal
development. 11 cases of age group 0-1 year, 51 cases of
age group 2-6 years and 29 cases of age group 7-12 years
were diagnosed with amblyopia, which was 45.50% and 8
cases of age group 0-1 year, 43 cases of age group 2-6 years
and 28 cases of age group 7-12 years were diagnosed with
strabismus that was 39.50%. Age group of 7-12 years have
maximum number of refractive errors (44.11%). It was
observed that 2-6 years of age group has highest number of
amblyopia cases (56.04%) and strabismus was more
common in the age group of 2-6 years (54.43%).

0-1 2-6 7-12
Year | Years | Years Total
Amblyopia with
refractive error 10 42 26 78
Amblyopia without
refractive error 1 9 3 13

Table 2. Number of Cases of Amblyopia with or

without Refractive Error According to Age Group

10 cases of age group 0-1 year, 42 cases of age group
2-6 years and 26 cases of age group 7-12 years were had
amblyopia with refractive error. In contrast to this, 1 case of
age group 0-1 year, 9 cases of age group 2-6 years and 3
cases of age group 7-12 years had amblyopia without
refractive error.

7 cases of age group 0-1 year, 27 cases of age group 2-
6 years and 19 cases of age group 7-12 years were
diagnosed as strabismus with refractive error, wherein 1
case of age group 0-1 year, 16 cases of age group 2-6 years
and 9 cases of age group 7-12 years had strabismus without
refractive error.

0-1 2-6 7-12 Total
Year | Years Years
Strablsr_nus with 7 27 19 53
refractive error
Strabismus without
refractive error 1 16 9 46

Table 3. Number of Cases of Strabismus with or
without Refractive Error According to Age Group
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Esotropia was found to be the commonest type of
strabismus (56.96%). Children with global developmental
delay/intellectual disability having refractive error with
amblyopia were more in number (54.92%) as compared to
children with normal development having refractive error
with amblyopia. In contrast to this, children with normal
development having refractive error with strabismus were
more in number (62.50%) as compared to children with
global developmental delay/intellectual disability having
refractive error with strabismus.

0-1 2-6 7-12

Year | Years | Years e
Amblyopia with
refractive error having 8 23 10 41
GDD
Amblyopia with
refractive error having 2 18 16 36
ND
Table 4. Number of Cases of Amblyopia with Refractive
Error having GDD vs. ND According to Age Group

8 cases of age group 0-1 year, 23 cases of age group 2-
6 years and 10 cases of age group 7-12 years had amblyopia
with refractive error having GDD/ID. In contrast to this, 2
cases of age group 0-1 year, 18 cases of age group 2-6 years
and 16 cases of age group 7-12 years were diagnosed as
amblyopia with refractive error having normal development.
This was statically significant as with Chi-square test, the p
value is 0.001 (for 95% confidence interval). However, cases
of age group 0-1 year, 10 cases of age group 2-6 years and
6 cases of age group 7-12 years had strabismus with
refractive error having GDD/ID. 2 cases of age group 0-1
year, 18 cases of age group 2-6 years and 15 cases of age
group 7-12 years had strabismus without refractive error
having normal development.

0-1 2-6 7-12 Total
Year | Years | Years
Strabismus with
refractive error having 5 10 6 21
GDD
Strabismus with
refractive error having 2 18 15 35
ND
Table 5. Number of Cases of Strabismus with Refractive
Error having GDD vs. ND According to Age Group

There was no statistical significance as Chi-square for
95% confidence interval was p=0.667.

DISCUSSION
This hospital-based retrospective study was done to know
the prevalence of refractive error in children with normal
development, which was 67.04% and in global development
delay/intellectual disability children was 32.94%. This high
prevalence can be explained by the fact that it includes
children referred with specific complaints of headache,
blurring of vision and deviation of eyes.

We found that in our study strabismus is more (39.50%)
as compared to a report carried out in Iraqg, which showed
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the prevalence of strabismus as 12.1%.%In contrast to a
study done in China,® proportion of esotropia was more in
our study correlating with other studies done in India. It was
observed that in our study refractive error with amblyopia is
more in children with GDD/ID as compared to normal
children and this was statistically significant as, p=0.001.
This could be explained by the fact that it is a spectrum of
disease involving delayed and stunted development of the
brain and the eye. Evaluation of visual acuity is difficult and
maybe underestimated and enough efforts are not taken to
evaluate visual acuity in them. The fact that refractive error
itself is undiagnosed and neglected in children with GDD/ID
having complex needs where the stress is on treating the
associated systemic anomalies, thus losing out on the crucial
years of growth, which makes all the difference when
treated.

Limitations

This being a convenience sampling, prevents its
generalisation to the population as a whole as it
overestimates the incidence compared to the population.
However, the strength of our study is it gives a general view
of the pattern of prevalence of amblyopia and strabismus in
children with refractive error. It also gives a comparative
picture of the prevalence of the same in children with normal
development and in children with GDD/ID. This helps in
focusing our screening programs on the youngest age
groups and also creates awareness among the paediatricians
and healthcare providers to stress on the importance of
ophthalmic examination and visual screening of children with
GDD at an early age.

CONCLUSION

Referral to ophthalmic care is quite essential in children with
GDD/ID and normal development for their overall
development and optimum care.
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Ophthalmology | "'
Developmental disabilities are on a rise in children in the present time. Ocular and
visual anomalies are frequently associated with it of which refractive errors are the
most frequent. This if goes unnoticed leads to intellectual disability in them. This
study aims to assess all the children attending the Ophthalmology OPD for any
refractive error and give correction for it. It also aims to identify the children with
developmental disabilities and classify the refractive errors in them and provide
rehabilitation. 113 consecutive children from 1-15 years of age who attended the
Ophthalmology OPD from October 2014 to September 2015 were evaluated for
Demographic data, ocular complaints, status of visual acuity and type of refractive
error. 75% out of 68 children with ID had refractive errors. Hypermetropia accounted
for the higher proportion of cases in both normal and special needs. Owing to the
high percentage of refractive error, ophthalmological referral becomes essential in
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children with developmental disabilities.
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Introduction:

Developmental disabilities are on the raise
in children, with a 5-10% prevalence.!
A developmental disorder is described
as failure of a specific ability to present
within the expected time frame. Delayed
development proceeds similar to normal
development but at a slower rate.

There is an increasing frequency of ocular
and visual anomalies among children
with developmental delay.? Of the various
ocular manifestations, refractive error is
the most common finding (51%), followed
by optic atrophy (21%), strabismus (18%)
and cortical visual impairment (11%).?

Although ID is not treatable, associated
impairments are amenable to intervention
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and benefit from early identification and
vision is one of them. Undetected visual
impairment may lead to an underestimation
of intellectual ability.* Warburg reports that
mentally handicapped children with visual
impairments are inappropriately classed as
profoundly handicapped more often than
sighted children with equivalent levels of
mental handicap.* All this occurs because of
unidentified, uncorrected refractive errors.
This hampers their sensory input going to
the brain development. This applies for the
syndromic and non-syndromic distinctions
too.

The objectives of the study were to evaluate the
all the children attending ophthalmology OPD for
ocular complaints; to assess the refractive status
and give correction with spectacles; to know the
associated Developmental disability if any.
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Materials and methods:

All consecutive children from 1-15 years of age attending
the Ophthalmology outpatient department were included in
the study.

like
children with no

Progressive neurodegenerative conditions

Neurodegenerative disorders and
perception of light were excluded. The study conducted

from October 2014 to September 2015.

Method:

All consecutive children from 1 to 15 years of age attending
the Ophthalmology OPD of KLES hospital were enrolled
after taking informed consent from the legal guardian/
parent.

Demographic data, ocular complaints, status of visual
acuity and type of refractive error were included in the
questionnaire.

Visual Acuity was measured at a distance of 6 meters
using the Snellen E Chart and was classified as per WHO
classifications: >6/18, <6/18-6/24, ,6/24-6/60, <6/60-3/60,
and <3/60- NLP. Children in whom the above method was
not feasible Preferential looking test using Teller acuity
cards (TAC) were used to asses the Vision.

Complete ocular examination was done including anterior
segment examination by slit lamp and torch. Posterior
segment examination was carried out by dilated fundoscopy.

Glasses are prescribed on the basis of cycloplegic
retinoscopy.

Definitions and Statistical Analysis:

The patients were classified into three age groups (<5
years, 6-10 years, 11-15 years) and evaluated. Term global
developmental delay/GDD is reserved for children younger
than five years, whereas the term intellectual disability/ ID
is usually applied to older children, when IQ testing is more
valid and reliable.*¢

Statistical analysis was carried out with SPSS 20.0
statistics package. All the children with ocular disorders

were prescribed spectacles. Caretakers were counseled
regarding the environment of the child, which is to be made
low vision friendly.

Results:

Description of the Study Population:

A total of 113 children were examined during the study
period. Out of them 62 (54.9%) were males and 51 (45.1%)

were females with mean age of 4.25 years + 3.02 (age
range 1-15 years).

Table 1:
Study Population
Gender Number
Male 62
Female 51
Total 113
Table 2:
Age Groups
Age Groups Number
Under 6 years 77
6-10 Years 31
11-15 Years 5
Total 113

Table II depicts the Age Groups in which the subjects were
classified. Most of the children were in the age group below
6 years (68.1%) followed by 6-10 years (27.4%) and above
10 years (4.4%).

Table 3:
Subject Classification
Number
Normal 45
Special needs 68
Total 113

Table III depicts that Out of the total subjects evaluated,
68(60.2%) presented with intellectual disability, which
is considerable high owing to the fact that the study
was carried out in the children attending the outpatient
department for some complaints.

33



National Journal of Medical and Dental Research, October-December 2015: Volume-4, Issue-1, Page 32-35

Status of Refractive Error:
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Figure I: Prercentage of refractive error

As shown in the figure 1, in the present study maximum
children were diagnosed with Hypermetropia followed
by myopia and astigmatism while 27.4% children were
without any refractive error.
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Figure II: associated clinical disease
Figure 2 shows that maximum children were free of any
associated disease. 42 children had Global developmental
delay, 23 children had some form of cerebral palsy and
3 cases of Down syndrome presented to the outpatient
department.

Discussion:

Visual impairments affect intellectual development and
motorachievementby hampering neurological development
i.e., defects of the ocular refractive system reduce the
visual input, which further inhibits sensory, perceptual and
cognitive development.® Unrecognized visual impairment
is a missed chance for adequate treatment

American association of neurologists says that early
diagnosis of a child with global delay may improve
outcome i.e., in their formative early years

Prompt identification and correction of refractive errors
makes a huge impact on their daily functioning, as this is
“treatable visual impairment”.

Most of the studies evaluating ocular findings in
individuals with intellectual disability done from a public
health perspective have been on adults. This being a major
constraint, since at this age, they develop amblyopia and
are beyond any treatment.

We have tried to focus our study on the paediatric age group
but subject’s upto 15 years of age are include in the study.

Limitation: all subjects recruited were from hospital
ophthalmic outpatient department, so these may not be
representative of the general population as a whole.

If taken from general population, then the difference
between the two groups would probably be more marked.

The ID groups included patients as young as one year
of age, where as the children with normal development
usually attend the hospital at a slightly later age-majority
falling in the 1-15 years age group. Age is a significant
factor because many outcome variables change drastically
with age in the normal children in the first few years.

Uncorrected refractive errors are the main cause of vision
impairment in children of both categories according to
WHO.® This issue remains unaddressed in majority of
countries all over the world.

In our study, 75% out of 68 children with ID had refractive
errors. The study done in Oman had a prevalence of 58.5%
in children with special needs.!"

Castanet et al. study showed a prevalence of 58.7% in
a similar setting. All these studies were carried out on
mentally challenged kids in the age range of 5-16 years.!
The Oman study also found 80% prevalence of refractive
errors in children with Down syndrome.'® Since our study
included children under 5 years kids also and majority of
cases were of Global developmental delay, followed by
cerebral palsy, explains the higher prevalence of refractive
errors.

Our study also had a high proportion of refractive errors
in normal children, i.e., 68.8%. This disproportional
prevalence can be explained by the fact that these kids are

34



National Journal of Medical and Dental Research, October-December 2015: Volume-4, Issue-1, Page 32-35

the ones attending the hospital with some ocular complaints,
in contrast to other studies done in healthy school going
children.'

Hypermetropia accounted for the higher proportion of cases
in both normal and special needs, correlating with all other
studies. However, there was no difference in the pattern of
distribution of various refractive errors in both the groups.

Conclusion:

Referral to ophthalmic care is quintessential for their
overall development and optimum care.
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Prevalence of ocular manifestations in children with
developmental delay
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Abstract

Aim: This is a study conducted in children with developmental delay, to describe the prevalence of various
ocular abnormalities in children with developmental delay.

Materialsand methods: Children under 12 years with developmental delay attending the child development
clinic and referred to department of ophthalmology for eye examination were studied for the presence of

ocular manifestations by undergoing a complete ophthalmic examination and the prevalence of different
conditions was statistically analysed.

Results : Children with developmental delay were studied over a period of 12 months and ocular
manifestations were seen in 83.6% of cases. Amongst the various ocular manifestations, refractive error
was found to be the most common finding (59.7%). The second common diagnosis was optic atrophy (9.7%)
followed by strabismus (8.69%), cortical visual impairment ( 4.3%) and ptosis (1.08%).

Conclusion : Visual handicap plays a significant role in overall disability of developmental delay children.
Hence an early ophthalmologic screening and intervention in these children can help to substantially

improve the developmental and academic achievement.
Key Words: Developmental delay, Refractive error, Strabismus, Optic atrophy, Amblyopia.

Introduction

Developmental delay is operationally defined as
significant delay in two or more developmental
domains. The developmental domains are Gross
motor, Vision and fine motor, Speech, Hearing
and language, Personal/social. Significant delay is
defined as performance or ability of two standard
deviations or more below the mean on accepted
norm-referenced developmental testing i.e. Denver
Developmental Screening Test.

It has been reported that certain deficits often
go untreated either through lack of diagnosis or
unawareness of their importance in developmental
delay population and they receive less than
average care. High on the list of such deficits are
vision and audition. Amblyopia is one entity which
has always been less investigated in children
with developmental delay and assessment and

management of visual deprivation in challenged
children is a complex challenge to the treating
clinician. The main aim of this study was to show the
ocular characteristics of a group of developmental
delay children of different intelligent quotient (IQ)
and age who were examined and provided with
visual care.

We have several published studies using animal
models that have shown the dramatic effects
that various forms of sensory disturbance and
deprivation can have on the developing visual
system. Hence this attempt was made to study
the prevalence and ocular abnormalities as a part
of ophthalmological screening examination for
patients referred from pediatric clinic of our hospital
as, development and academic achievement can be
enhanced in the formative early years.

Address for Correspondence

Dr. Sheetal V Girimallanavar, Post Graduate, Department of Ophthalmology
J. N. Medical College, KLE University Belgaum-590010, Karnataka, India.

E-mail:- sheetal.girimallanavar@gmail.com

Z¥YM December 2014, Volume 3 - Issue 2

Medica Innovatica [

N PR —

e el



Materials and methods

Study design- Prospective study This study was
conducted in the department of Ophthalmology in
children under 12 years with developmental delay
over a period of one year. Scale used to assess
developmental delay- Social quotient, emotional
quotient, intelligence quotient. Only children
fulfilling criteria of developmental delay in this test
as assessed by a pediatric specialist and pediatric
psychologist were included in the study. Patients
were included in the study only after obtaining an
informed consent from the parents. Family history
regarding consanguinity or affected family members
were asked for. Ocular complaints regarding visual
inattention, deviation of eyes, nystagmus, abnormal
head posture were enquired.

Ophthalmological assessment included routine
ocular examination with special reference to
structural observation of external eye, examination
of strabismus, visual acuity testing, complete
cycloplegic refraction (with atropine) and detailed
fundus examination. The biggest challenge was
evaluation of vision and visual correction in these
children who had delayed development. The visual
acuity testing was hence done beginning from
central steady maintained vision to clear fixation
preference using Teller Acuity Cards for children
below 3 years, Lea Symbol chart for children above
three years and who are unable to read alphabets
on Snellen chart and Snellen chart for the rest as,
conventional testing methods are often impractical
and unsuccessful for a reliable estimation of visual
deficiency. Other ocular investigations like slit lamp
examination was done in indicated cases. The data
obtained was evaluated statistically .

Results

Table 1. Distribution of patients according to
age of presentation and their percentage

Table 2. Distribution of patients according to

gender
Gender Males Females
Number 65 27
Percentage 70.6% 29.3%

Table shows male children had high prevalence of ocular
manifestation

Consanguinity: Consanguinity between parents
was seen in 12cases.

Ocular Features

Table 3. Distribution of patients according to
refractive errors

Refractive . : ] ]
status | IYPermetropia | Myopia | Astigmatism

Number 35 10 10

Percentage 38.04% 10.86% 10.86%

Age at 6 Months | 1-3 3-7 | 7-10 | 10-12
presentation | - 1year | years | years | years | years
Percentage 28.26% | 35.8% [27.1% |4.3% |4.3%

Table shows that highest number of patients were
between 6 months to 1 year of age

Bl edica Innovatica

Table shows that hypermetropia is more common than
myopia and astigmatism

Table 4. Distribution of patients according to
type of strabismus

Strabismus Esotropia Exotropia

Percentage 37.5% 62.5%
Table shows that exotropia was more common than
esotropia

Table 5. Distribution of patients according to
other manifestations like cataract, cortical
visual impairment, optic atrophy, ptosis

Cortical
Others | Cataract Vlfual OpHIc Ptosis
Impairment | Atrophy
(cvi)
Number None 4 9 1
Percentage |None 4.34% 9.78% | 1.08%

Table shows that optic atrophy was highest amongst other
types of manifestation

Discussion

Majority of patients with developmental delay
have associated visual and ocular abnormalities.
Visual impairment delays or alters both visual and
general development of the child. Though there
is substantial evidence documenting increased
frequency of ocular and visual anamolies among
mentally and developmentally challenged children
they are overlooked as they have other associated
handicaps.

December 2014, Volume 3 - Issue 2 4s



Over a course of one year 92 children under the age
of 12 yearswith developmental delay were screened.
Of the 92 children studied, 65 were males and 27
were females forming 70.6% and 29.3% respectively.
In a study by Wu H J et al sex distribution was
found to be 68% males and 32% females which is
similar to our study. Presentation age was found to
be maximum of around 35.8% (Table 1,2) around
the age group of 1 to 3 years suggesting that the
parents are aware of the condition at this age and
try maximally for medical assistance during this
period and with growing years their enthusiasm
and hope fade. History of consanguinity was
present in 12 cases constituting 13.04% . The non
ophthalmic diagnosis in majority of these cases
was cerebral palsy. Ocular manifestations in
children with developmental delay were seen in
83.6% cases in this study. This is comparable with
studies conducted by Akinci A et al” who reported
that 77% of children with intellectual disability
had ocular features. Another study by Katoch S et
al3 found that 68% of children with cerebral palsy
had visual morbidity. The high incidence of visual
morbidity in this population is probably related to
the lesions in the subcortical oculomotor centres
or cerebellar lesion. The most common ocular
manifestation noted in this study were refractive
errors ( 59.7% cases) (Table 3). It has been noted in
few studies that these kids have a tendency of going
towards wide ranges of spherical refractive values
both in myopic and hypermetropic direction and
many studies have even shown that hypermetropia
accounts for maximum percentage in these children
which is similar to findings in children without
any developmental delay. Even our study showed
majority having hypermetropia (38.04%) compared
to myopia (10.86%). Only difference was seen ina
study showing maximum of myopes, this could be
explained by the fact that different forms of cerebral
palsy might present with different type of refractive
error, say myopia is reportedly more frequent in
spastics while hypermetropia in dyskinetics. As
age advances the refractive errors change. Optic
atrophy was the second most common finding seen
in 9.7% cases. Strabismus was seen in 8.69% of
cases, cortical visual impairment in 4.3% and ptosis
in 1.09% (Table 4,5).

Bankes et al® studied 200 children with
developmental delay and found refractive errors in

LYY December 2014, Volume 3 - Issue 2

49%, squint in 37%, nystagmus in 7.5% and other
features like cataract, optic atrophy and retinopathy
of prematurity. Akinci A et al? studied refractive
errors and ocular findings in children with multiple
disabilities and found that 77% of patients with
intellectual disability had ocular findings.

Children with intellectual disability had more
strabismus, nystagmus, hypermetropia  and
astigmatism than controls and increasing severity
of intellectual disability was related to higher
prevalence of the above features. Mets M B et al®
studied causes of childhood blindness and visual
loss in an institution for severely mentally retarded
children and found bilateral optic atrophy to be the
most common cause of visual loss(65%). The second
most common cause was cortical visual impairment
followed by chorioretinal scars.

Cortical visual impairment is thought to be the end-
result of hypoxic ischemic insult to the developing
brain in-utero and worsens the visual outcome in
these patients. But it is also seen that these are
the patients who improve drastically with visual
rehabilitation.

Only 16.3% of the children screened had normal
vision. 59.7% had refractive errors confirming that
this group accounts for the big chunk of low vision
in these children.

Conclusion

Indevelopmentallydelayed childrenvisualhandicap
plays an important role in the overall morbidity.
Hence all pediatricians must be encouraged to
seek ophthalmologic assistance in management of
these children and help to substantially improve the
developmental and academic achievements.
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17 SANVI SPATIL 1 |1|1]38[0]|1]0]|032|032]1|0]|0]1]|+40]+45]39.16|3583| 99 |4222|41.38|99]| 064 |064| 2 39.2 | 42.2 | 2800
18 ASAD BEGAMAN 11]0|1|37| 21| 1] 023|023]0]0]| 0] 1]|+30]|+30]| 251 |3813| 99 |3L77|1222|99]| 023 |[023| 1 251|318 | 1750
19 ASAD 1 (0f[1(|38[0f|1]1]032|032(1|0|0|1|+20(|+25(| 19.1 | 236| 99 13 28.1 |99 0.64 |0.64 2 19.1 | 13 | 2750
20 VAISHNAVI HATTI 111(1]39(0]1(1]032]032|]0(0]0[0]-30]|-30]| 252 | 133 | 99 | 36.6 |23.71|99| 0.64 | 0.64 2 25.2 | 36.6 | 2000
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21 IKRA BASTWAD 2611111380 1|1 19 26 (00| 0|1]|+30] +3.0 99 99 51 99 99 |56| 19 19 2 51 56 | 2500
22 PRAJWAL MUDAYAL 510|138/ 0)1]1|043]| 13|(1|0|0]|O0]|-70]| -50 99 99 | 258 | 99 99 |28| 0.64 | 19 1 25.8| 28 | 2700
23 SARFARAJ 1201 |37/0f[1]0]023|023]0|0|0|1|+40|+40| 25.1 | 132 | 99 26 12.2 (99| 0.23 | 0.23 0 25.1| 26 | 2200
24 GANESH 510|140/ 0]|1]|0 1.6 16 (0| 0| 0(1]|+25]| +25 99 99 |[441 99 99 |48| 32 3.2 2 441 | 48 | 3000
25 MOIZE M LODHI 1 (0f[1|37/0|21]0]023|023|1|1|0|1]|+20](+20]( 38.13(38.13| 99 13.3 | 122 |199| 0.23 | 0.23 1 38.1 | 13.3 | 3500
26 | HERAWAE YASHIN MAIBOOB |29 0| 0(28/0|1[0]032]032(0]|]0|0|1]+30] +30 99 99 38 99 99 (41| 0.32 |0.32 1 38 41 | 2300
27 LAKKAPPA 5|]0(1)|38|0|1]0|023|023]0f(0]|1]2]|-20{-20 99 99 26 99 99 (28| 0.23 |0.23 1 26 28 | 2900
28 VIJAYLAXMI PATIL 16(1]1(40/0]|1|0 19 19 |0 0[(0|1]+3.0]|+3.0]|56.38|5222( 99 60 60 [99| 26 26 2 56.4 | 60 | 3000
29 ASHWINI 21111138011 19 19 (0] 0|[0|1]|+35]|+35| 50.8 |47.08| 99 [53.13(51.33(99| 26 26 2 50.8 | 53.1 | 2800
30 DARSHAN THONGALE 110]0(36|0]|]1(0]023|023/0|0|(0|1]|+10]|+10]| 261 |1166| 99 30 |12.22199| 0.23 |0.23 1 26.1 | 30 | 2600
31 SANVI PATIL 13(1]11(37/0]1[0]032]|032(1]|0|0|1]|+40]| +4.0 50 9.33 | 99 493 | 10.1 (99| 0.32 | 0.32 1 50 | 49.3 | 3500
32 AARIFMOHAMMAD RAFIQ 5|011|37{0]|1]1 19 19 (0|00 |1]|+10] +20 99 99 | 541 99 99 [59| 38 38 2 54.1 | 59 | 1500
33 IRAWWA 1 (1]1(38(0]|1(1]023]|023[1|]0|]0|0]|-25]-25 26 12.2 | 99 30.1 [38.12(99| 0.23 | 0.23 1 26 | 30.1 | 2300
34 RANJEETA HADIMANI 4 |1(1)39(0|1]1|043|043|0|(0]|0]|O0]|-50{-50 99 99 51 99 99 [59| 0.86 | 0.86 2 51 59 | 3000
35 SWEETY MALAVI 13(1]11(38|0]|1(1 1.3 13|]0(0]|]0|1]| 15 15 | 41.33[36.13| 99 |48.09|4047|99| 24 2.4 2 41.3 | 48.1 | 3000
36 ARJUN SHINDE 1410]11(39/0|1[(0]023]|023[{0|0|0|1]+30] +3.0 99 99 36 99 99 (38| 0.23 |0.23 2 36 38 | 9999
37 SANSKAR LAXMAN SALAI 2|0(1]40{0|1]0|023|023|]2|0]|0|1(+3.0(+3.0( 416 | 111 ]| 99 476 | 12.2 (99| 0.23 | 0.23 1 41.6 | 47.6 | 2750
38 NAITIK 16(0]1(39/0]1(1]|]08 |086|(0|0|[0|1]|+10]|+1.0]|4222|19.22| 99 [(50.83(39.16(99| 1.6 1.6 2 42.2 | 50.8 | 2000
39 RADHIKA 3111382 |1]0|032(032|0(0]|]0|1]|+6.0]|+6.0 99 99 55 99 99 [61| 0.64 |0.64 2 55 61 | 2700
40 BHAVANI 33|1(1)39(2|1]1|023(023|]1(0]|0|1]|+10](+15 99 99 | 475 99 99 (48| 0.23 |0.23 1 475 | 48 | 2000
41 MALLAMMA 31|1(1|40({0|1]0|023|023]0f(0])0|1]|+10](+10 99 99 | 459 99 99 [50( 0.32 |0.32 2 459 | 50 | 2800
42 PRAJWAL PUJAR 36|/0(1|38(0|1]|]0|023|023]0[0]|J0]|O0]|-40]{-40 99 99 64 99 99 [69| 0.32 |0.32 1 64 69 | 9999
43 BHARATI HADPAD 3|1(1)|37{0|1]0|023(023]0(0|0|1]|+50](+30 99 99 45 99 99 (48| 0.23 |0.23 1 45 48 | 3000
44 PRITAM PUNJATI 4 |0|0|3|(0|1]|]0|064(064]0(0]|]0|1|+10](+10 10 553 | 46 12 7.2 |46| 0.64 |0.64 1 10 12 | 2200
45 PRAJWAL TALWAR 301|380 |1]0|023[(023]0(0|0|1]|+15]|+15 99 99 51 99 99 [59| 3.2 3.2 2 51 59 | 3000
46 RIYA BALI 1111|3710 1(0) 064 |064(1]|]0[0|1]|+20]|+1.0]| 625 53 99 67.7 | 54.4 [99| 0.86 | 0.86 2 62.5 | 67.7 | 2700
47 MEHABUBI SANADI 2411 (1139011023 |(023|]1|[0]|0]|1(|+20(+20| 513 | 928 | 99 99 99 |52 0.32 |0.32 2 513 | 52 | 9999
48 NAVEED AZAD 110139121 (1]023]|023|1|]0|0|1]|+35]|+35]|39.16| 275 | 99 483 | 36.6 (99| 0.32 | 0.32 2 39.2 | 48.3 | 3500
49 SHARAVANI 13(1]11(39/0]1[(0]032]032(1|0|0|1]|+25]|+2.0]58.13 50 99 61 62 (99| 043 |0.43 2 58 61 | 2600
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50| APOORVAMAILLIKARIUN | 3 | 1]1]38]0]1]0]023]023]0] 0] 0] 2|+L25[+1.75] 99 | 99 | 59 | 99 | 99 |61] 38 | 38 1 59 | 61 | 2300
51 AGAM 11]o]o28[0]21]0] 064 064] 0] 00| 1]+20]+20]2538]19.38] 99 |27.89|2052|99] 023 [023] 2 | 2542791100
52 SUKANYA TALWAR 36| 1|1(38| 0] 1]|1|086]086]0|0|0]|1]|+30|+30] 99 | 99 | 52 | 99 | 99 |58] 13 | 13| 2 52 | 58 | 2500
53 KAVYA 5 |1]1]40]0]21]0] 19 |19]0]0|0|1|+05|+05] 99 | 99 | 50 | 99 | 99 |56] 19 | 19 2 50 | 56 | 2000
54 CHAYA NAIK 3 |1]1]40]0]1]0] 32 [32]0]0]0|1] +2 | +2 | 99 | 99 | 13 | 99 | 99 |41]| 32 | 32| 2 13 | 41 | 3200
55| ARFAABBASBALIKATTI |22 |1|1]39|0|1|1] 48 |48 | 2] 0| 0| 1|+20|+20|3846| 36 | 99 | 99 | 99 |52| 98 | 98| 2 |385] 52 | 9999
56 RASHMI LAKKUNDI 1]1]1]38]0]1]0] 32 [32]0]0]0]|2]075|+L0]5916[4138] 99 | 67.7 | 51.6 |99] 48 | 48| 2 |59.2]|67.7 | 2400
57 SHRADHA GOUDAR 210[ 1| 1(40] 0| 10| 48 |48|0|0|0|1]+20|+20] 99 | 99 | 55 | 99 | 99 |61] 19 | 19 2 55 | 61 | 2700
58| KARTIK SADANANDBAGI | 1 |0]1]40]0|1]1]023|023]0]0]|1]0] 25| 20 |59.16| 125 | 99 | 61.3 | 38.88]|99] 0.23 [023] 1 | 59.2] 613 | 2000
59| SUDHANVA D KULKARNI 1]0]1]39]1]1]0]023]023]0|0|0|1]|+30|+30| 24 | 116 | 99 | 32 | 12 |99] 023 |023| 1 24 | 32 | 2700
60 SANEKIYA PATIL 2 [1]0]32]0]1]1]023]023]0]0]0|1|+20]+20] 22 | 58 | 99 | 26 | 5 |99]| 023 |023]| 1 22 | 26 | 2000
61 DIVYA N MULABADI 2 |1|1]40]01]0]| 48 |[48]0]0]0|2|+30]+20] 99 | 99 | 61 | 99 | 99 |65] 19 | 19 2 61 | 65 | 3000
62 SANJANA 2 [1]1]40]0|1]0]023|023]0 0|0 0] 05| -05|5L13] 10 | 99 | 52 | 122 |99] 032 [032] 1 |511] 52 |3000
63| PRAVEEN SMATHAPATI 1 ]0|1]39|1]1]1]023]023]0|0|0]|1]|+20]|+20]| 38 | 103 | 99 | 262 | 122 | 99| 023 |023| 1 38 | 262 | 2400
64 SANJANA PANDAV 1 ]1]1]40]0]1]1]023]023[0]0]0]|1]+55]|+55] 221 | 106 | 99 | 24.16|1133]99] 023 |[023] 1 | 22.1| 24.2 | 2800
65 ANANYA SHILAR 26]1]1]40]0]1]0] 38 |38 |1|0|0|1|+35|+35] 99 | 99 | 70 | 99 | 99 |74| 38 | 38 2 70 | 74 | 2900
66 VAISHNAVI 4 110380 1]1] 13 |13 1]0]0|1]+50]+50] 99 | 99 | 61 | 99 | 99 |65| 16 | 16| 2 61 | 65 | 2750
67 SPANDANA K TOLE 1]1]1]39|0|1]1] 98 |13 |2|0|0| 1| +L15|+20] 441 | 195| 99 | 738 | 405 |99]| 19 | 19 2 | 4417382900
68 VIJAYGOUDA PATIL 10| 1]40] 0] 1] 1] 064|064 0|00 1| +15|+15|4304|3478] 99 | 49.65|42.06|99| 023 |023| 2 43 | 49.7 | 2800
69 IRANNA MATHAPATI 2 Jo|1]39]0]1]1]023]023]0]0]0|1|+15]+15] 99 | 99 | 41 | 99 | 99 |45| 023 |023]| 1 41 | 45 | 2700
70] RIHANRAJMOHAMMAD |46|0]0]30]0]1]0]032]032[0]0|1]0]| 60| 80| 99 | 99 | 38 | 99 | 99 |41] 043 [043] 1 38 | 41 | 1000
71 ASAD BAGAVAR 11|00 1(38|2]1]1]|023]023]0]0|0|1]|+30|+30] 26 | 122] 99 | 30 | 13 |99] 023 |023| 1 26 | 30 | 1750
72 POOJA JAMNAL 5 |1]1]39]0|1]0] 19 |19]0]0]0]|0]| 20| -30] 99 | 99 | 51 | 99 | 99 |58] 19 | 19 2 51 | 58 | 2900
73 | CHANDAN B JADIYANNAVAR | 11| 0] 21]39] 2| 1] 1] 023 |023[ 2] 0] 0] 0| 35| 35 | 4043 |19.17| 99 |42.06]|1941]|99] 032 [032| 2 | 404 | 42.1] 2600
74 ADARSH 16|0]1]38[2]21]1]032]032]1]1]0]1]+30]+30]39.44|3888] 99 |3833| 265 |99] 0.32 |032] 2 | 394 383 2500
75 KAUSHAL ARLEKAR 33]0| 1382|210 16 |16]2]0|0]2]| 30| 30| 99 | 99 | 61 | 99 | 99 |65| 16 | 16 1 61 | 65 | 2700
76 VIRAJY POR 010[0|1(41] 2| 1| 1| 32 | 32| 1|0| 0| 1]|+45|+45| 58 | 100 | 99 | 1525|61.66|99| 24 | 2.4 1 58 | 153 | 4200
77| VINAYAK HUNARIKATTI | 01| 0| 1]39| 0| 1| 1] 032 |032| 1] 0] 0| 1|+35] +40|26.16 |38.13| 99 | 19.77|13.88| 99| 043 |032| 2 | 26.2| 19.8 | 2500
78] SONIYAGOUDANNAVAR | 5 |1]1]38]0|1]1]023|023[0 0 00| 15| 15| 99 | 99 | 46 | 99 | 99 |48] 023 [023] 1 26 | 48 | 2500
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79| VISHAL HANDINAMANE 1]ol1]38[0]1]1]023]023[0]0]0]1]+20]+20] 2616|3813 99 |1833]13.33]99] 023 |0.23] 1 | 26.2| 183 | 1500
80 SUKSHA YADAV 241|034 2| 1|0 48 |48 0|0 0] 1]|+L0|+15]3878]1535] 99 | 17.3 | 175 |99] 023 |[023] 1 | 388 17.3 | 1900
81 SNEHA ADAVI 1 1]1]40]0]1]0]023]023[ 1|0 1] 1]+L5]+05]3813]|2083] 99 | 3857|1857|99] 023 [023] 2 | 38.1] 386 3000
82 GAURAV GAVADE 5 |0]0|36]2]1]0] 19 |19]0]0 0| 1]|+20]+20] 99 | 99 | 51 | 99 | 99 |67] 19 | 19 1 51 | 67 | 2200
83 MD.SAVEEL 0100 0|34]0|1]0]| 24 |13 10|01 |+15|+15] 195 | 35 | 99 |1077|36.38|99] 023 |023] 1 | 195] 19.8] 2200
84| ARJUN UMESH ANGADI 28|0|1]39|0]|1]0]| 48 |48]0|0|0|0]| 15| -15]1286] 69 | 99 | 99 | 99 |56] 65 | 65| 2 129 | 56 | 3000
85 KAMESH HOSURI 3 0]/0]32]/0|1]/0]|023|023/0]0]|0]0|+15|+15| 99 | 99 | 42 | 99 | 99 |42| 032 |032]| 1 42 | 42 | 2600
86 ABHISHEK INDI 42 |0|1]40]0|1|1]|064|064/0]0]|0]|1|+15|+15| 99 | 99 | 46 | 99 | 99 |48| 0.64 |064]| 1 46 | 48 | 3750
87 | SHARANBASU TELAGINMARI | 3 | 0| 1]37| 0| 1] 0] 032 |0.32| 0] 0| 0| 1| +15]| +15| 416 | 388 | 99 | 547 | 357 |99]| 0.32 |032| 1 | 416 | 547 | 2500
88 YALLAPPA 10138011 023 023[0]0|1]1]+30]|+30]3813[3813| 99 |12.77] 7.77 |99] 023 [023] 2 | 381 12.8 | 9999
89 ABHI ANGADI 3 |0|1]40]2|1]0]023|023]2]0]|1]2|+15|+20| 99 | 99 | 44 | 99 | 99 |44| 0.23 |023]| 2 44 | 44 | 3700
90| ANKITA SHEKAR PATIL 3 |1]0|35]/0|1|1]032|16|1]0]|0]|1|+50|+30| 99 | 99 | 45 | 99 | 99 |49]| 0.23 |023]| 2 45 | 49 | 750
91| AMOGORIDDA TEMATTI | 23| 0| 1]38| 0| 1| 1] 023|023/ 0] 0] 0] 1|+20]|+20|4519|2013| 99 | 46 | 192 |99]| 0.23 |023| 1 | 452 46 | 9999
92 SMITHA JADHAV 5 |1]1]38]0|1]1] 3 | 38|0]0]|0]|0]| 50|50 99 | 99 | 55 | 99 | 99 |61] 26 | 38 2 55 | 61 | 3000
93 SHREYA HALAPUR 1 |1]1]37]0]1]1]023]023[1]0]0]0]15]-15] 25 | 12 | 99 | 342 | 19 |99] 023 [023] 2 25 | 342 | 2900
94 KADAPPA 2 (0[1]40]2|1]0] 24 |[24|0] 0] 0] 1] +L0|+10]45185857] 99 | 99 | 99 |72| 48 | 48 1 |452] 72 | 2500
95 AYESHA LATIF 2 [1]1]39]o|1]0] 19 |[19]0]o0]0]|o0| 20|20 45 | 59 | 99 | 51 | 62 |99] 38 | 38 2 45 | 51 | 9999
9% SHRAVANI UMESH 1 ]1]1]38]0]1]0]023]023[0]0]0]|1]+20] 20| 26 | 136 ] 99 | 30 | 138 |99] 023 [023] 1 26 | 30 | 2900
97 | ADARSH MARUTI DALAVANI |4.10] 0| 1 |39] 0] 1] 0] 023 |023[ 0] 0] 0| 1| +15|+15] 99 | 99 | 40 | 99 | 99 |42] 023 [023] 0 40 | 42 | 2900
98| AMOGH SANJU TANGADI 2 |0]1]40]0|1]1]023|023[1]0]|1]1]|+40]|+45] 193 |1051| 99 | 505 | 12.12]|99]| 043 |043| 1 | 19.3| 505 | 2750
99 MAHESH 3]0]1]39]0|1|1] 48 [48|0]0]0]|1]|+10][+05] 99 | 99 | 50 | 99 | 99 |57] 19 | 19 2 50 | 57 | 3000
100 MAKTUMSAB 5 |0|1]40]0|1]0] 32 |32|0]0|0]|1|+15|+15| 99 | 99 | 45 | 99 | 99 |49| 48 | 48| 2 45 | 49 | 2000






