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ABSTRACT

Clinical relevance: Optimisation of vision screening programmes can result the detection of refrac-
tive anomalies in a high proportion of school children.

Background: The Refractive Errors Among Children (REACH) programme aims to optimise outcomes
of school-based vision screening in India by collaborating with hospitals and monitoring eye care
throughout school attendance.

Methods: REACH delivers school vision screening using pocket vision screeners (cards presenting
rows of seven 0.2 logMAR Sloan letters at a 3 m viewing distance) in five states across India. Children
who fail screening are referred for detailed evaluation including refraction, those requiring cyclople-
gic refraction are referred to partner hospitals. Spectacles are dispensed as needed and compliance is
assessed. All data are recorded electronically.

Results: Out of 2,240,805 children aged 5 to 18 (mean 11.5; SD +3.3) years, 2,024,053 have undergone
REACH screening in 10,309 schools predominantly in rural locations (78.7%) and government-funded
(76%). Of those screened, 174,706 (8.6%) underwent detailed evaluation. A higher proportion of
children in private or urban schools (11.8% and 10.4% respectively) were referred for detailed
evaluation than those in government-funded or rural schools (5.9% and 7.2%, respectively; p <
0.001). The proportion referred for detailed evaluation differed by state (p <0.001), from 4.0% in
West Bengal to 14.4% in Kerala.

Conclusion: The REACH programme screened a high proportion of school children, providing further
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care and follow-up to optimise visual outcomes.

Introduction

Evidence from the Refractive Error Study in Children confirms
that refractive error is the commonest cause of visual impair-
ment among children aged between 5 and 15 years globally,
responsible for 63%-77% of blindness and severe visual
impairment.' An estimated 680,000 children in India are blind,
including about one third with uncorrected refractive error, the
highest number in the world.>® Uncorrected refractive errors
have a significant negative impact on pre-school literacy* and
adherence to spectacle wear in school children improves lit-
eracy, with positive implications for their education.®

The World Health Organization recommends school eye
health screening as a cost-effective strategy to address uncor-
rected refractive error and other eye health problems among
school-going children.® Such screening occurs in various
forms globally,” and for over three decades has been an
important activity of the Indian National Programme for
Control of Blindness and Visual Impairment. The aim of vision
screening is to identify treatable vision problems, educate
children and families about them, and to refer if necessary.
However, school-based eye care has the potential to provide
a complete system of screening, correction of refractive error
and follow-up assessment of spectacle compliance.® The lat-
ter is important, since spectacle prescribing helps no-one
unless the prescribed correction is worn as required. To

date, very limited data are available on compliance with
spectacle wear among children receiving spectacles in India
and other lower-middle income countries, or on the propor-
tion requiring changes in refractive correction at follow-
up_8—10

Vision screening with the provision of free spectacles aids
compliance with spectacle wear and may thus improve edu-
cational outcomes,”'" indicating the importance of effective
vision screening, which requires competent personnel.
School-based vision screening and eye care services in India
have involved volunteer school-teachers in primary vision
screening. This reduces the workload of ophthalmic person-
nel. A 2012 review on school-based correction of refractive
error found that teachers may provide effective detection of
refractive error.'> However, more recent research suggests
that this strategy may result in high levels of false
positivity'®> and variable levels of sensitivity,'* with the latter
dependent on training of teachers for this role.

The Refractive Error Among CHildren (REACH) programme
was designed to address known challenges in traditional
school eye care services (the inclusion of all school children
using a standardised protocol and correction of significant
refractive errors), to generate evidence for future interven-
tions, and to build an innovative, sustainable and scalable
programme for school-based eye care services. The
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programme has a strong focus on eye health promotion,
engaging all stakeholders with the aim of promoting positive
eye health-seeking behaviour. The main objectives of this
paper are to describe in detail the process and protocol for
implementation of the REACH programme across five states
in India and its progress to date, and to raise awareness of this
novel approach to child vision screening with scope for wider
implementation.

Methods
The REACH programme

In India, recommendations for school vision screening include
personnel training, screening, refraction, referral and specta-
cle dispensing, the latter by an optician near the school."”
Traditionally, childhood vision screening involves monocular
visual acuity testing to identify uncorrected refractive error
and other ocular abnormalities. The School Vision Screening
programme in India includes provision of spectacles as an
essential component with the cost borne by the National
Program for Control of Blindness and Visual Impairment'® or
shared between funders and parents.'” The School Vision
Screening protocol indicates that one teacher selected from
each school undergoes one day of training, including appro-
priate viewing distance and use of an acuity target.'®> For
those children who fail screening, refraction is conducted by
an ophthalmic assistant at a health centre."”

REACH is an innovative and unique model for school eye care
services with standardised guidelines and procedures, and com-
prehensive processes including diagnosis, management, referral
and compliance assessment. The programme is a collaboration
between Orbis'® and partner hospitals (research, education and
clinical specialist centres) in India. Orbis provides REACH with
digital and clinical equipment and the relevant partner hospital
provides necessary eye care for any referred children.

REACH also monitors compliance with spectacle wear and
encourages positive eye health-seeking behaviour using
information, education, and communication (IEC) materials.
These include pictorial explanations for children about an eye
test and about the advantages of wearing any prescribed
spectacles. For example, a book, the ‘Singing Tree''® was
developed for the REACH project telling a locally relevant

story about a child with poor vision whose everyday life is
improved by wearing spectacles. The IEC materials were
developed in a knowledge, attitudes and practice study on
barriers to school-based eye care conducted by an indepen-
dent research agency. Results have been presented but have
not been published.

All REACH service delivery activities are undertaken by
trained teams, and schoolteachers are oriented to promote
good school eye health practices and to liaise with the eye
health teams. Table 1 provides a summary of the key features
of the REACH programme compared with previous school-
based vision screening or eye care services and highlights the
rationale for each innovative feature of REACH.

The programme process includes primary screening,
detailed evaluation, spectacle management, counselling,
referral, compliance assessment, and annual follow-up. Data
from each step are recorded using custom software
(REACHSoft), described below.

Study area and sample

To date, the REACH programme has been implemented in part-
nership with six hospitals in the Indian states of Kerala, Madhya
Pradesh, Maharashtra, Tamil Nadu and West Bengal (Figure 1).
In each region (the area served by each of the hospitals),
one district not previously provided with vision screening
services was selected for inclusion in the programme. In
districts with large populations a part of the district was
defined. A list of schools within each district or partial district
was compiled by the project manager or co-ordinator in
collaboration with the Department of Education. The school
locations were mapped using a geographic information sys-
tem and the relevant latitude/longitude data were recorded.
All of those schools were eligible for inclusion, and agreement
for the school to participate was sought from the district
education officer and from the school itself. Only those
schools for which agreement was not given were excluded.

Ethical approval

Each of the six partner hospitals obtained ethical approval
from their Institutional Review Board. Information was sent

Table 1. A summary of features of the REACH model compared with existing school-based vision screening or eye care services outlining the rationale for the new

features of the REACH programme.

Feature of vision
screening or eye care
service programme

Existing School-based

Programmes in India REACH

Rationale

The REACH programme incorporates schools and
hospitals, so referred children remain in the
programme, continuum of eye care services is ensured
and is tracked beyond the initial screening.

Spectacle prescription is unhelpful without compliance.
REACH checks compliance after dispensing.

Key activity Vision screening and Vision screening and comprehensive eye
referral as required examination

End-point Spectacle prescription and  Spectacle prescription and dispensing at
dispensing, the latter school plus assessment of compliance with
within or outside of spectacle wear (3 months after dispensing)
school

Frequency One-off events or annual  Annual follow-up cycle

screening with no
further follow up
Paper-based

Documentation Digital

Approach Unique for each

organisation

Standardised across entire network

During childhood, vision and eye care needs may change.
The REACH programme provides an ongoing school-
based eye care service with annual follow-up.

Digital records allow data to be retained safely and
securely ensuring confidentiality and availability for
comparison at follow-up activities, as well as easy
retrieval, data accuracy through inbuilt consistency
check, and live data capture

Standardised methodology allows comparability of data
from different regions and types of schools.
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Figure 1. The six partner hospitals in the REACH project, located in Kerala (Little Flower), Tamil Nadu (Sankara Nethralaya and Aravind), Maharashtra (HV Desai),
Madhya Pradesh (Sadguru Netra Chikitsalaya) and West Bengal (VMA Netra Niramaya Niketan).

to all parents whose children were identified for detailed
evaluation asking them to respond if they did not wish their
child to participate in the REACH school eye health
programme.

Programme team

The REACH team at each school is led by a project manager
with overall responsibility and includes the personnel
described in Table 2.

A role mapping exercise was completed at the beginning
of the programme to designate tasks and roles to individuals.
All personnel underwent training in the REACH programme,
its aims, processes (Figure 2) and guidelines.

REACHSoft

Dedicated, custom software (REACHSoft) was developed for
this programme to provide an electronic database of partici-
pating schools and individuals, vision screening, eye exam-
ination, refractive correction, dispensing and referral data.
Data may be entered offline at the school or hospital location,
without dependence on internet access. The software was
also used to monitor programme progress and to generate
reports to aid management.

REACH common guidelines and screening protocol

Senior paediatric ophthalmologists and optometrists from
the six hospitals developed the REACH protocol and guide-
lines common to all processes and personnel. Clinical evalua-
tion and counselling were not standardised.

Primary screening protocol

REACH vision screening was conducted using a pocket
vision screener in a room with at least 4 m dimensions and
moderate ambient illumination.?® Briefly, this method
involves presentation of Sloan letters at 0.2 logMAR in
three rows of seven viewed monocularly at 3 m first unaided
then through a + 1.50D lens (in a pair of spectacles with this
power right and left, and with the fellow eye occluded)
which relaxes accommodation to identify latent hyperopic
errors. The pocket vision screener allows rapid visual acuity
screening and has high positive and negative predictive
values compared with a standard logMAR chart.?® Each
child was instructed to read the letters in the centre row
(crowded by the upper and lower rows) and if any three of
the central five letters in that line were read correctly the
test was passed. These tests were followed by a torch light
external eye examination for detection of media opacity,
pupillary defects or strabismus.

All children unable to read the letters monocularly, able to
read them through a + 1.50D lens, currently wearing specta-
cles, with an ocular complaint and/or with a sign of external
eye abnormality failed the screening and were referred for
detailed evaluation. All those who passed returned to their
classrooms. An overview of the REACH screening procedure is
provided in Figure 2 and the primary screening process is
shown in Figure 3.

Detailed evaluation

Detailed evaluation was conducted at the school by
a qualified optometrist, ophthalmic technician or trained
vision technician. Primary screening and detailed evaluation
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Table 2. Details of staff involved in each REACH project team and their training.

Staff category
(number
within each
team) Qualifications and experience Roles and responsibilities Training
Vision Higher secondary with good ® Set up screening site and conduct primary vision @ Setting up screening site
screeners communication skills in local screening as per the protocol; Identify and refer ® Vision assessment
(2) language children requiring detailed evaluation; Crowd man- ~ ® External eye examination
agement with the support of teachers during the ® Common eye diseases in children
screening programme ® |dentification for secondary evaluation
® Child friendly communication
® Crowd management
® REACHSoft module - Primary screening,
calendar, data synchronisation
Optometrist/  Certified optometrist, vision ® Preparation of equipment required for both primary ® Paediatric eye examination and refraction
Ophthalmic technician or ophthalmic screening and secondary evaluation ® Paediatric eye diseases, diagnosis and
technician/ assistant with at least 1 year ® Qrientation of optometry interns and vision screeners advice
Vision work experience ® Resource person to conduct teachers training @ Paediatric counselling
technician programme ® Paediatric optical dispensing
(1) ® Conduct primary vision screening and external eye ® Training the primary vision screeners
assessment using torch light (if needed) ® Medical equipment maintenance
® (Conduct detailed evaluation including both objective ® Compliance assessment
and subjective refraction and referral ® REACHSoft module — Primary, secondary
recommendation evaluation, compliance
® Management of children undergoing detailed ® Selection and documentation of case
evaluation studies
® Primary screening and detailed evaluation data entry
using REACHsoft
® Refractive correction prescribing
® (linical counselling for children, parents and teachers
® Assist data entry operators with medical terms
® Management of spectacle compliance including
compliance questionnaires
Counsellor (1)  Graduate with minimum 1 year ® Ensure all arrangements been made as per the check- ® Common eye diseases in children
work experience in patient list for the school visit ® Communication with stakeholders includ-
counselling ® Lijaise with project coordinator to arrange transport ing children, parents, teachers, hospital
for school visit departments and other community
® \Verify arrangements at school prior to screening members
® Provide counselling for children, parents and tea- ® School teacher orientation
chers on spectacle use and care ® Referral compliance follow-up
® (Coordinate clinical and project teams at the school ~ ® Case study selection and documentation
® Assist and support the project coordinator ® |EC dissemination
® (Conduct telephone follow ups of the referred cases ® REACHSoft module — Primary screening,
® Maintain records of the children who visited the detailed evaluation, compliance
hospital for follow-up services ® Social and behavioural change communi-
® Educate children, parents and teachers about eye cation awareness activity planning and
care implementation
® (Coordinate and ensure consent form completion by
parents
® Manage and track follow-up compliance
® Document and photograph interesting case studies
Project Post-graduate with at least 3 years ® Plan the project activities and allocate tasks to mem- ® Project implementation
manager work experience in any bers of project team ® School mapping
(1)/Project community or hospital setting ~ ® Conduct site visits to monitor the activities and to ® Project financial management
coordinator provide guidance ® Team building
® Approval of checklist for school visits ® Rapport building and networking - inter-
® Data collection, analysis and report preparation nal and external
® OQversight of equipment purchase and inventory ® Training of trainers for project coordina-
® Establish and maintain good rapport with govern- tion and clinical activities
ment, educational and media agencies ® Data analysis and reporting
® All external communication related to the project ® (ase study development
® (Coordinate periodical review meetings and revise ® Problem solving
project activities to achieve the project targets ® REACHSoft
® Organise internal project team training ® Social and behavioural change communi-
® Financial management and ensuring appropriate uti- cation activity planning and
lisation of project funding implementation
® Project contact person for both Orbis and the hospi-
tal management
® Organise staff coverage for the field activities and
appraise staff performance
® OQversight of IEC materials preparation and organisa-
tion of awareness and eye health promotional
activities
[ ]

Preparation and submission of monthly, quarterly
and annual reports

(Continued)



Table 2. (Continued).

CLINICAL AND EXPERIMENTAL OPTOMETRY . 863

Staff category
(number
within each
team) Qualifications and experience Roles and responsibilities Training
Outreach Any Bachelor’s degree with at least ® Project team coordination for field activities. ® Obtaining school permission
coordinator/ 2 years work experience in any ~ ® Establishing rapport and coordination of project ® Allocating teams and equipment
Social community setting activities with the support of various stakeholders ® Planning activity calendar
worker (1) ® Student data entry at school visit ® Orientation of school teachers
® Scheduling primary, detailed evaluation, compliance ® Team building
and annual follow up ® Rapport building and networking
® (Coordinate spectacle delivery and organise all aware- ® Stakeholder communication - children,
ness programmes parents, teachers, hospital departments
® Travel and other logistics for school visits and other community members
® Visits to schools in advance of screening to ensure ® Problem solving
effective implementation. ® REACHSoft
® Preparation and submission of field reports to the ® Social and behavioural change communi-
project manager or other responsible person. cation planning and implementation
® Organise training and orientation for vision guardians
and teachers.
® Submit reports to school principal after the screening
activities.
® Daily maintenance of inventory for the field activities.
IT support (1)  Graduate in any discipline or ® Manage IT equipment. ® |T equipment and software maintenance
Diploma in Hardware and ® Ensure - equipment (laptops, tablets and power and updates Preparation for service
Networking with at least 1 year bank) charged regularly to ensure backup during delivery programmes
experience screening activities. ® Data synchronisation and backups
® Regular IT maintenance (including preventive and ® Coordination with external IT vendors for
repair) trouble shooting
® Maintain daily IT equipment movement log
® (reate log-in details for all new users
® Coordinate installation of software and related tools
and necessary updates or changes.
® During the initial phase of implementation, accom-
panying the screening team to setup local wireless
network at the screening site.
® |dentify one to two individuals in each team with IT
experience for training on wireless connection setup,
maintenance and basic troubleshooting if necessary.
Optician (1) Certified or trained optician with at ® Maintain and manage dispensing inventory ® Paediatric optical dispensing
least 2 years work experience ® Frame and lens ordering ® Child-friendly approach
® Manage optical inventory and stock register ® Stakeholder communication - informa-
® Dispensing appointment booking, preparation and tion and education for children and
on-time delivery of spectacles parents.
® Address any complaints in a timely fashion. ® Optical library stock management
L] ]

Cost booking of spectacles issued under the project

Quality standards in optical dispensing
REACHSoft

were conducted on the same day if possible, but in large
schools this was not feasible and they took place on two or
more separate days. For children already wearing spectacles,
their lenses were measured using a lensometer. Habitual
vision was measured monocularly, unaided or with existing
spectacles (presenting vision), as appropriate.

Objective refraction (streak retinoscopy) was conducted
before monocular subjective refraction using an internally
illuminated logMAR chart and including verification of cylind-
rical axis and power with the aim of attaining acuity of at least
0.0 logMAR. A spot vision screener (Welch Allen, Hillrom,
Skaneateles Falls, New York, US) was used in some cases,
such as unclear retinoscopy reflex and/or subjective
responses, to verify refractive error.?'

Accommodative lag was measured using the monocular
estimation method of dynamic retinoscopy. Colour vision was
tested only in boys at 8" to 12" grade (younger children
particularly in rural areas had difficulty completing this test)
binocularly using an Ishihara test and cover-uncover and
alternating cover tests were used to screen for ocular devia-
tions. The final refractive error was based on streak retino-
scopy and subjective responses using the logMAR chart, any
reported symptoms, and other factors, such as accommoda-
tive lag or ocular deviation.

Torch light examination was repeated to look for anterior
segment anomalies. Direct ophthalmoscopy was performed
on all children whose corrected acuity in either eye did not
improve beyond 0.2 logMAR. Children and their teachers
were asked to report any asthenopia symptoms, such as
headache, or vision-related symptoms, such as difficulty see-
ing objects in the classroom.

Cycloplegic retinoscopy was conducted in cases meeting
the following criteria: ocular deviation in a child already wear-
ing spectacles or who failed pocked vision screening; hyper-
opia with asthenopia; >2.00D change from existing
correction; fluctuating acuity or retinoscopy results; >0.75D
difference between retinoscopy and subjective refraction in
myopia; and >1.00D dynamic retinoscopy lag. Clinicians also
considered other factors (such as change in astigmatic power
or axis) on an individual basis.

Any children requiring cycloplegia, those with apparent
ocular disease or other conditions requiring further evalua-
tion (such as low vision, high myopia, strabismus or nystag-
mus), children with unconfirmed refractive errors, confirmed
colour vision deficiencies requiring career counselling, and
children with special needs (with no detailed examination in
the last 2 years) were referred to the relevant partner
hospital.
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Establish rapport and obtain required permissions from
district administration, health and education department

l

Obtain permissions from the school and collect
enrolliment data updated on REACHSoft*

Conduct primary screening at school

| Child identified with eye problem }—
l Yes

Detailed Evaluation at school

campus

|

]

No Problem

Identified with
refractive error

Identified with ocular
problems

|

Cycloplegic Yes

l

Counselled and

examination required

Iv

Spectacles dispensed;
child counselled

l After 3 months

referred to fixed facility

o]
Treatment at fixed
facility

Compliance Assessment at
school

Annual follow up at
school

Figure 2. Flowchart showing the processes and decision-making in the REACH school-based eye care service programme. *reachsoft is the custom software

developed for this programme.

Spectacles were prescribed if refraction exceeded the
levels specified in the common guidelines (Table 3).2* Other
levels of refractive error were corrected in children with rele-
vant signs or symptoms and the final refraction was depen-
dent on subjective acceptance. To allow for tonus, 1.00D was
deducted from the spherical element of hyperopic cyclople-
gic refractive errors.?

Spectacle delivery

Spectacles were provided free of cost. On collection, one of
the students was asked to read aloud to the group from one
of the IEC materials'® - a book - to convey to children how
their everyday life may be improved by wearing spectacles.

Compliance

To encourage compliance,? children chose their frames from
a wide range. Interpupillary distance was measured using
a pupillometer and all details were recorded in REACHSoft.
Frame fit was checked by the optician before glazing, and
again by a trained project team member at spectacle collection.
All children who were prescribed spectacles or referred for
further evaluation at the hospital were counselled about the
need for this action.

A referral card was issued, and children were instructed to
hand this to their parents, whose contact details were updated
in the REACHSoft system for continuity of follow-up. About 6

months after spectacle delivery, a member of the REACH team
visited the school unannounced (only the school principal was
aware) to monitor compliance.23 Students were observed in
their classrooms and those wearing their spectacles were
asked about the number of hours of daily spectacle use, when
and for what purpose(s) they were worn. Vision was checked
monocularly using the pocket vision screener to check that
acuity with the spectacles was at least the level achieved at
detailed evaluation, and all data were recorded in REACHSoft.

Those not wearing spectacles were asked why and this was
again recorded in REACHSoft. Those in whom corrected mono-
cular acuity was poorer than logMAR 0.2 were referred to the
partner hospital for further evaluation. Spectacle condition was
checked, and any minor adjustments required were made at the
school. All children referred to hospital during detailed evalua-
tion and who had not yet reported were identified and reasons
were captured. During this visit, screening was also conducted
for children who were absent on the day of the previous
screening.

Note that the aim of this paper is to describe the pro-
gramme and its progress to date and compliance data are not
reported here.

Annual follow-up

Annual follow-up includes: refraction and spectacle condition
assessment in all children who underwent detailed evaluation
the previous year; primary screening of newly enrolled
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spectacles

Visual acuity screening
using LogMar optotype

(0.2)

Canread 0.2

Cannot read 0.2

Unable to undergo
VA screening

Plus

Can Read

1.5D test

Cannot Read

Torch light

examination

Boys in 1*t to 7*
Grade & All girls

>
-
|
|
Any ocular anomaly ‘
>
No ocular anomaly |
1
Boys |
(8t - 12th grade) ‘
1

o Any defect

Colour vision

screening

No defect

I

Figure 3. Primary vision screening process. This procedure was carried out within each school to determine whether the child should be referred for further

evaluation.

Table 3. Spectacle prescribing criteria by age group.

Age Group Myopia Hyperopia Astigmatism

Less than <-0.75 DS > +3.00 DS >-1.00 DC
11 years

11 years < —0.75 DS > +2.50 DS >-1.00 DC
and -
above

children in the current academic year (using the same proto-
col as described above); all children in 1** grade (who were
not present in the previous year); children with visual con-
cerns (self-reported or identified by teachers); and children
absent from vision screening during the previous year.
Children in 8™ and 11" grades are also screened because
many children change school at these grades.

Quality assurance

The project manager makes unannounced visits to one ran-
domly selected screening site and one hospital each quarter
to monitor and control quality.

Spectacle frame and prescription details are checked
before manufacture and again before the spectacles are pro-
vided. Monocular acuities are tested during spectacle delivery

and if not at the expected level (as determined at detailed
evaluation), the lenses are rechecked and corrected if
necessary.

Definitions

The data were classified according to school location (rural or
urban, with fewer than or at least 100,000 people per square
kilometre, respectively),>* and type (government aided, with
funding at least partially from government, or privately
funded, with no government funding).

Results

A total of 11,769 schools were invited to participate, and all
agreed. Due to scheduling difficulties, primary screening took
place in 10,309 (87.6%) of the schools. The number of children
enrolled in those schools totalled 2,240,805, of whom
2,024,053 (90.3%) underwent primary screening.

A total of 8.63% (n=174706) of those screened were
referred for detailed evaluation, and the numbers of girls
(90877 [52.0%]) and boys (83829 [48.0%]) referred were simi-
lar. The reasons for referral included failure to read 0.2
logMAR letters unaided in 49,809 (28.5%); ability to read
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them with a + 1.50D lens in 1263 (0.7%); self-reported blurred
vision in 56,375 (32.3%); and headache in 12,250 (7.0%).

A total of 47,133 (26.9%) children were referred because
they were already spectacle wearers, and 17.5% in total for
symptoms or signs including eye watering (3.5%), itching
(1.6%), red eye (1.3%), abnormal eye movement (0.1%) and
others. The categories were not mutually exclusive, so more
than one reason could apply to each child. Of the 174,706
referred, 137148 (78.5%) attended detailed evaluation.

A high degree of absenteeism from detailed evaluation
when conducted on a separate day explains in part the
absence of almost one quarter of referred children from
detailed evaluation. Of those who underwent detailed eva-
luation, 57558 (42.0%) were prescribed new spectacles with
a new or changed prescription, 21842 (15.9%) were advised
to continue with their existing spectacles, 27621 (20.1%) were
referred to the partner hospital, and 4276 (15.5%) attended
the hospital. These data indicate 78% children who were
referred and underwent evaluation did in fact require spec-
tacles and/or hospital referral, and a false-positive referral rate
of 22%.

REACH screening has been conducted in 2196 (21.3%)
urban and 8113 (78.7%) rural schools. Larger numbers of
children were enrolled in each urban school, so the absolute
numbers screened in urban and rural schools are similar
(Table 4). Most of the schools (7825; 75.9%) were govern-
ment-aided, the remainder (2484, 24.1%) being privately
funded. The large majority (about 90%) of enrolled children
in each type of school underwent primary screening, and
between 5.9% and 11.8% (with variation between school
locations and types) were referred for detailed evaluation.

The few school children who did not attend screening
were absent from school on the day screening took place.
A significantly higher proportion of children in private schools
and in urban locations were referred for detailed evaluation
than in government-funded schools or in rural locations (Test
of proportions p < 0.001, Table 4). False-positive rates of refer-
ral differed between private and government-funded schools
(20.5% and 24.1% respectively; p < 0.001) and between urban
and rural schools (24.5% and 19.2%, respectively; p = 0.025).

REACH included 607 schools in Kerala (5.9% of the total
10,309 Schools), 2389 (23.2%) in Madhya Pradesh, 2755

(26.7%) in Maharashtra, 3529 (34.2%) in Tamil Nadu and
1029 (10.0%) in West Bengal. While similarly high proportions
of children at schools in each of the five states underwent
screening (from 87.2% in Madhya Pradesh to 93.9% in
Maharashtra), the proportion referred for detailed evaluation
differed by state (p <0.001), ranging from 4.0% in West
Bengal to 14.4% in Kerala. Since all children who were wear-
ing spectacles or were unable to read logMAR 0.2 letters
monocularly or were able to read them through a+ 1.50D
lens were referred, this result indicates that the need for
refractive correction or other ocular treatment in children
varies substantially between states across India.

Discussion

REACH is a large-scale school eye health model, which uses
a standardised uniform approach across multiple locations in
India. This model facilitates access to comprehensive eye
examinations where necessary, incorporates annual eye
checks for each child and strategies to encourage spectacle
compliance. Children who need refractive correction or other
intervention are likely to receive them since detailed evalua-
tion, dispensing and hospital referral are embedded into the
model.

Good vision during childhood is important. Reduced vision
may prevent the participation of children in activities at
school and home, limit their academic potential and may
cause visual deficits which persist throughout life.?>%¢
Previous research indicates that between 3% and 5% of
school children in India have uncorrected refractive error,”’
representing large numbers of children who may be disad-
vantaged. Effective vision screening during the school years is
therefore vital, as is widely acknowledged.?® School vision
screening, which incorporates strategies such as frame choice
and [EC material results in significantly higher compliance
with spectacles and referral compared to programmes with-
out these features?® illustrating the importance of such
strategies

REACH school vision screening is conducted by trained
personnel, minimising the variability that has been identified
in vision screening by teachers.?® Detailed evaluations are
conducted within schools by trained personnel including

Table 4. Numbers (N) of boys and girls who were enrolled in schools covered in the REACH programme, those who completed screening, were referred for detailed
evaluation and who underwent that evaluation. Note that the total N in the right-hand column includes 21,842 children who were existing spectacle users and
were issued with an unchanged prescription and advised to continue to wear the same spectacles.

N dispensed
N enrolled in schools N completed primary N identified for detailed N completed detailed spectacles
(2240805) screening (2024053) evaluation (174706) evaluation (137148) (79400)
Male Female Male Female
Male (n (%)') Female (n (%)") Male (n (%)) Female (n (%)) Male (n (%)®) Female (n (%)®) (%% (%*) (%) (%)
1141395 1099410 1021715 1002338 83829 90877 65043 72105 36579 42821
(50.9) (49.1) (89.5) (91.2) (8.2) 9.1) (77.6) (79.3) (43.6) (47.1)
Location
Urban 522148 491623 463470 445885 45634 48959 35935 39575 22089 25199
(51.5) (48.5) (88.8) (90.7) (9.8) (11.0) (78.7) (80.8) (48.4) (51.5)
Rural 619247 607787 558245 556453 38195 41918 29108 32530 14490 17622
(50.5) (49.5) (90.1) (91.6) (6.8) (7.5) (76.2) (77.6) (37.9) (42.0)
School
category
Government 575839 633181 507492 573207 27280 36188 21302 29122 10770 16759
aided (47.6) (52.4) (88.1) (90.5) (5.4) (6.3) (78.1) (80.5) (39.5) (46.3)
Privately 565556 466229 514219 429131 56549 54689 43741 42983 25809 26062
funded (54.8) (45.2) (90.9) (92) (11) (12.7) (77.4) (78.6) (45.6) (47.7)

"Percentage of total; percentage of those enrolled; *percentage of those screened; “percentage of those identified for detailed evaluation.



optometrists. Spectacle dispensing was also conducted in the
school, facilitating access to refractive correction. In any
screening programme of this kind, some of the children will
be referred externally for further examination and manage-
ment; however, barriers may reduce referral compliance, with
potential implications for ocular or systemic health.

Previous research has found that referral compliance
depends on screeners having spoken with parents about
eye- and vision-related problems.® In the present study,
external referral was to a partner hospital and uptake was
checked by personnel working with the school and hospital,
and at follow-up, to maximise referral compliance. The use of
REACHSoft enhances data security and accessibility, facilitat-
ing analysis and report generation. The lack of reliance on
Internet access has clear advantages in the field.

More than one-fifth (22%) of children who attended
detailed evaluation were not prescribed spectacles or
referred to the partner hospital. This false-positive rate was
significantly higher in urban than rural schools and in govern-
ment-funded than private schools. False positives may reflect
the fact that any self-reported complaint by children (such as
headache or eye watering) triggered a referral for detailed
evaluation. The relatively high false positives in urban or
government-funded schools than in private or rural schools
suggest that children in the former schools experienced
symptoms of this kind without ocular anomalies, such as
refractive error or ocular pathology. For example, symptoms
may be related to pollution or other environmental factors.

Since implementation of the REACH programme, a realist
evaluation has been conducted to determine the extent to
which it has achieved its intended outcomes of accessible,
high quality, comprehensive eye care services for children
with good fidelity and availability.?' Semi-structured inter-
views were conducted with team members to understand
successes and challenges, and to make recommendations
for programme enhancement. They found the following:

(1) Feasibility of school-based eye care provision could be
improved by including government officials in the
stakeholder group;

(2) Knowledge exchange or ‘common educational’ forums
with school staff and students, project team and com-
munity members could encourage more participation;

(3) The advantages of REACHSoft and related IT support
were recognised by team members, and recommen-
dations were made for training and quality control
measures;

(4) A limitation of the REACH model is that it is resource-
intensive, with the trained teams visiting each school
more than once to conduct screening and annual
follow ups. These funding challenges were high-
lighted, and the need for supplementary external
funding was recognised.

Strengths and limitations

The current REACH database provides a rich source of informa-
tion about prevalence and age-related progression of refractive
errors in school going children. Ongoing analysis will examine
any associations between a range of factors and prevalence of
myopia, uptake of detailed evaluation and spectacle compli-
ance. However, the study reported here has some limitations.
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First, it did not conduct detailed evaluation in children who
passed screening so cannot gauge false negatives in this pro-
gramme. Second, during primary screening the +1.50D lenses
were left in place for only a few seconds. It is possible that latent
hyperopia was not fully relaxed during this period, and that
some children with uncorrected hyperopia passed vision
screening.

Conclusion

The REACH model for child eye health delivery aims to
address challenges in the existing model of vision screening
and eye health in school children, to provide evidence for
future interventions, and to build and test an innovative
programme model. Ongoing development will ensure that
this programme is sustainable and scalable.
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