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Abstract

In this paper, we have reviewed the prominent dise® in premature infants, Retinopathy of
Prematurity (ROP) which has become the leading caesof blindness in children. We have also
reviewed the existing retinal imaging systems ancheir screening procedures, particularly for
premature infants. The classification of Retinopatly of Prematurity (ROP) and its status, specifi-
cally in a developing country like India, has beemliscussed. The profile of the ROP babies in de-
veloping countries is very different from that in the developed countries. The screening cut off for
the babies and the risk factors are also peculianideveloping countries. Current ROP imaging
modalities have been analyzed and their limitationfiave been studied. Initially, ROP screening
was done by Binocular Indirect Ophthalmoscopy (BIO) which is considered as the gold standard
for ROP screening. Later, digital screening for ROPwas started, with the advent of RetCam and
other digital cameras. Further improvements to thee systems have been identified here that
would improve the field-of-view, image acquisitionspeed, image quality and various other fac-
tors.
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of impairment in children in the developed as veslide-
veloping countries [4-6]. In India, ROP was fireported

Childhood blindness refers to a group of diseases a @necdotally in 1992 and prospectively in 1995 Bihce
conditions, which, if not treated at the right tingsan lead  then, in the past two decades, the major causbliftd-
to permanent vision loss in children at early ssagé eSS in children is ROP, for the simple reason that
their life. Control of blindness is one of the maniorities ~ humber of infants being born premature has increase
set for achieving the goals of Vision 2020: thentigp ~ (remendously. In the developing countries, inclgdin-
sight. This is a programme launched by World Healtflia, the incidence of ROP has been increasingoniyt
Organization (WHO) for the elimination of avoidable due to high birth rates, but also due to the irsgen sur-
vision impairment [1, 2]. It has been reported thai%  Vival of low and very low birth weight infants. Ehis due

Introduction

of all blindness in the world is due to childhodohtiness
[3]. In India, children below the age of 16 yeastgne
account for 40% of the entire population [1]. Sasdcon-
ducted to estimate the prevalence of childhooddblirss
in India, reported that about 320,000 children\aseally
impaired [3]. Other studies also reported thatrtfzgority
of these children are likely to be in the poor segtrof
the population [2].

Major causes of visual impairment in children argaV
min A deficiency, corneal scarring, congenital cath
Retinopathy of Prematurity (ROP) and congenitalugla
coma. These diseases, if addressed in their eates
can save a child’s vision for the rest of its [i8. Among
the various eye diseases addressed above, RQirdsa
lent disease in the premature infants and is arlgazhuse
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to the development of neonatal intensive care unéace
improved neonatal care, and these incidences aected
to increase exponentially in the near future duehi®
aforementioned reasons [8-10].

Classification of Retinopathy of Prematurity

ROP was first described by Terry in 1942 [8]. Tlasib
reason for the development of this disease isrétepm
infants, the retinal development is incomplete;sash
development takes place during the course of gestat
The blood vessels develop from the optic nerverambg
to the ora serrata. The extent of immaturity of thina
depends on the degree of prematurity at birth [ROP is
associated with abnormal vascular development ef th
retina, since the development takes place afteptst-
menstrual period in these infants [6,8]. The rigktdr,
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during the initial years, was found to be high lsvef
oxygen supplementation given to the infants with it
terest of saving their lives [8,12,13]. However tietec-
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maturity, the disease can be categorized with ctsjpe
the location, extent, stages, aggressive post&iOP,
plus and pre-plus disease. The location of theadiesen

tion was made only when the disease entered its lathe antero-posterior part of the eye is describél the
stage. Screening for ROP was possible only afeerath  help of three concentric zones. Zones are the avhirh
vent of Binocular Indirect Ophthalmoscopy (BIO) in describe retinal vascularization. Zone | showswvascu-
1970s [14]. This was a major advancement whichdtklp larization in the circular area centered on thécopérve,

early detection and diagnosis of ROP. The riskofact
now, include the low birth weight (less than 1508ngs)
and the gestational age (less than 32 weeks) gfrdraa-
ture infants [8, 12].

An international classification of ROP in 1984 mmeted
a further significant advancement in this field [l 15].

whose radius is twice the distance from the ceoftéhe
optic nerve to the center of the macula. Zone teeds
beyond zone |, with radius defined as the distanme
the optic nerve to the nasal ora serrata, and dgtenthe
equator on the temporal side. Zone lll is the neslidres-
cent of the retina anterior to zone Il. ROP shdadcton-
sidered to be in zone Il until the vascularizatibas

It was later expanded in 1987 to provide the medicareached ora serrata. The extent of the diseasedsded

community caring for the infants at risk of ROP twd
detailed description of the disease and presenbpdin

in terms of clock hours, which are divided as sectd 30
degrees each. The 3-o'clock position is towardsnieal

mized management, care and treatment of this visioim the right eye and temporal in the left eye. &y, the

threatening disease [7]. Therefore, according & Rie-
vised International Classification of RetinopathyRre-

9-o’clock position is to the temporal in the righte and
nasal in the left eye [15].
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Figure 1. Scheme of retina of right eye and left eye shottiaglassification of ROP in terms of zone
borders and clock hours which are used to desdhibdocation and extent of ROP [11]

Another important component of classification issdih
upon the five stages of the disease which desthibab-
normal vascular response at the junction of thewlas
ized and avascularized retina. Stage 1 is the atibr-
mal growth of the blood vessels, observed as a tbitu-
ous, grey-white demarcation line, that runs appnaely
parallel to the ora serrata and divides the vasaelina
posteriorly from the avascular retina anteriorlyefe is
abnormal branching of vessels up to the demarcétien
which lies within the plane of the retina. Thisdiforms
a ridge, has a height and width, and extends altiowve
plane of the retina. This stage is termed as S2agtage
3 describes extraretinal fibrovascular prolifematiwhich
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extends from the ridge into the vitreous. This giwe
ragged appearance as the proliferation becomes exere
tensive. Stage 4 describes partial retinal detanhirstage
4a indicates extra foveal retinal detachment whtkge
4b indicates macular detachment. This detachmeshias
to the contraction of the fibrous tissue and ittcares to
increase in height extending posteriorly as welhateri-
orly. This progresses to stage 5, which describés t
retinal detachment; the totally detached retinaobexs a
thickened mass posterior to the lens and is ustatigel
shaped. Once stage 5 is reached, there is no €tinéso
disease which leads to the complete loss of visiathe
infants [15].

Curr Pediatr Res 2015 Volume 19 Issue 1 & 2



Analysis of Retinal Imaging System for Prematufianits: A review

The severity of the disease is also indicated leypites-
ence of plus disease. Plus disease is definedegsotte-
rior vessel dilation and tortuosity, which may fatad to

increasing pre-retinal and vitreous hemorrhageeeits

haze and poor pupillary dilation. The diagnosisptfs

disease is made if sufficient vascular dilation &ortlios-

ity are present in at least two quadrants of thee &he

vascular abnormalities observed in the eye befozese-
verity reaches to plus disease is termed as thelpse
disease. It is defined as the vascular abnornalitiesent
which are insufficient for the diagnosis of plusehse but
show more arterial tortuosity and venous dilatibiant
observed in normal eyes [15].

The threshold for the treatment of the diseasesfiéed

mature infants develop some degree of ROP, althaugh
the majority of them, it regresses spontaneousthouit
treatment by the process of involution or evoluticmm a
vasoproliferative phase to a fibrotic phase [4,. F5yw-
ever, in certain cases, it increases to pre-thidsand
threshold levels; where in diagnosis through rétina
screening becomes mandatory. Screening of thetfan
provides a better prognosis and increases thevslinate

of the infants. The Early Treatment for Retinopatfy
Prematurity (ETROP) study also confirmed the impor-
tance of retinal screening [4]. In the Multicentetal of
Cryotherapy for ROP, early detection and treatnafnt
ROP have shown to decrease the incidence of sgigere
ual loss and adverse outcomes in premature infafts
20]. The current ROP screening criteria given bg th
American Academy of Ophthalmology, the American

by the Cryotherapy for Retinopathy of PrematurityAcademics of Pediatrics and the American Assodiatid
Pediatric Ophthalmology and Strabismus is to scthen
infants with birth weights under 1500 grams or gest
tional age of 30 weeks or less and selected infants

(CRYO-ROP) as at least five continuous or eight wlam
tive clock hours of stage 3 ROP in zone | or Icasated
with plus disease [4,16,17]. It is observed thahynare-

Figure 2(a). Stage 1-the demarcation line
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Figure 4(a). Stage 5- total retinal detachment of the retina Figure 4(b). Plus disease-vessel dilation and tortuosity [15]

with a birth weight between 1500 grams and 200@ngra
or a gestational age greater than 30 weeks withnata-
ble clinical course who are considered at high bigkheir
neonatologists [4,18].

The treatment is given either by cryotherapy oedgsho-
tocoagulation, for ablation of the peripheral ratj&i2, 16,
17]. The treatment criteria for severe diseasengutie

include packed cell and double volume exchangestuan
sions, anemia,

outborn status, thrombocytopenia etc. Presentlyst rab
the information we have about the incidence andilpro
of these ROP babies in India have come out of etudi
conducted in tertiary care centers in big cities.

above mentioned procedures, have been establishédthough the number of blind children is large athe
through CRYO-ROP and Early Treatment for Retinopaincidence of ROP is increasing drastically, yetigeit

thy of Prematurity (ETROP) trials [18].

ROP in India

It is well recognized that the profile of the RO&bkes in
developing countries is very different from that time
developed countries. In developing countries, inedt

ophthalmology is not a well-established, distingbspe-
cialty in India, and is still in its budding stagésoreover,
the available centers are not homogenously dig&tbu
across the country; a complete lack of servicesha
North and East whilst South and West were obsetved
show better ratios [1]. However, with the improvemia

older and heavier babies are likely to develop meve the neonatal care services, many level Il nursdreese

ROP, thus increasing the burden for the numbeabfds
that need to be screened [5]. Apart from the singerut
off, the risk factors are also peculiar in devehgpcoun-
tries. In India, the risk factors also include padicell and

mushroomed across semi urban and rural parts @d,Ind
therefore, many premature babies are survivingh@se
areas. Still, there is paucity of ROP care givaersnast of
the vitreo-retinal surgeons and pediatric ophthébgists

double volume exchange transfusions, anemia, autbopractice in the bigger cities, hence, there is awirg

status, thrombocytopenia etc., as reported by Bieaed
al [7]. They performed the first prospective studym
India which reports the spectrum and outcome of ROP
a rural environment. The study also identified thee
nurseries in urban areas have shown improving teénd
neonatal care with improvement in the babies siffer
from severe ROP, whereas in the rural areas, theeda
are at a greater risk to develop severe ROP.régerted
that the babies outside the American screenin@ftire
at risks of developing severe forms of ROP [1]. §hifi
the western guidelines are used for screeningdrrural
parts of India, we might risk missing a significambpor-

scarcity in the number of ophthalmologists requifed
diagnosing ROP in the semi-urban and rural aregs [1

Current ROP screening strategies

Even though ROP was identified in 1942, screenorg f
ROP was possible only after the advent of Binoclndi-
rect Ophthalmoscopy (BIO) in 1970s [14]. Since then
BIO is recognized as the gold standard for ROPesing
[4]. The examination is performed by an ophthalrgat
using an indirect ophthalmoscope and a hand heldr28
30 dioptre convex lens. The infant's eye lids arisep
opened using eye speculum and a low intensityurhit

tion of infants who may require treatment. Thuse th nation is used to illuminate the interior of theeejn or-

screening cut off for Indian babies has been sugdes
be kept as 1,750 grams. Apart from the screeningftu
the risk factors are also peculiar to Indian infaithey
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der to visualize the required areas of the retima,oculo-
cephalic reflex is used. If needed, scleral idelgoalso
used in order to rotate the eye ball during exatiina
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[13]. This examination should be performed by ah-op BIO is a time consuming procedure; it also depenls
thalmologist who has sufficient experience and Krow the availability and time constraints of the opihitalo-
edge in the examination of infants for ROP. Advgata gist [19,21]. Thus, the ophthalmologists are camifed
of BIO include complete documentation of ROP anatus with the challenge of providing the service to mane
ally better visualization of the fundus by the dmkt  fants with limited resources, in a climate of higtbility,
mologist [19]. when there is already a growing shortage of trayeit

thalmologists [21]. RetCam overcomes some of tmé- li
A common device used for the diagnostic purposes igtions, yet it also proves to be disadvantageibitsis to
RetCam 120(Massie Laboratories, Inc., Pleasantdy, C be used in a developing country like India. Thestfir
USA), which is a hand held digital retinal camefr®-  techno economical factor is the initial cost of thavice,
guently used for ophthalmic examination. The sdregn which is not affordable for mass screening in theedop-
of ROP using this digital imaging device has progsda ing countries. Despite the excellent reproduciblages,
potential alternative to BIO. It provides high-redgmn  the image quality is poor and limits the detectidrROP
images using a 3-CCD (Charge Coupling Device) digit [19]. This could be due to the difficulty in imagin
camera coupled to a family of lens units, whicHudes a
130-degree unit designed for screening of ROP cases
standard 120-degree unit, a high-magnification 8grele
unit, a high-contrast 80-degree unit (used for @dluand
the flat-field portrait lens which can be used éaternal
photographs. The images obtained are 640 X 480spixe
approximately 900 kB in size, with a resolution/@f pix-
els per inch and a realistic color match. Focusikunehi-
nation adjustments can be performed manually, reihe
the base unit or with a foot pedal [20].

The procedure involves lubricating the eye withcguin-
thalmic lubricant and gently placing the 130-degresd
of View (FOV) contact lens of the camera on the e
Five to ten images are captured and are digitatiyed
[19]. These images can be diagnosed by the ophttham

gists at a later, convenient time. This device les’ an  Figure 6. RetCam fundus photograph taken 70 minutes
ease of use, with excellent reproducible imagesnwheafter the initial examination. There are multipkarfe-
compared to BIO [4]. Moreover, it can be perfornbgda  shaped, ‘dot’ or ‘blot’ retinal haemorrhages thatdicate

technician or a trained nurse, with more flexibilio the  pleeding at different depths within the retina [23]
scheduling of the diagnosis [19]. For obtainingimopat

image quality of the images, wide pupillary dilatjoa
clear crystalline lens, and light to medium fun@igmen-
tation would be requ_ired [20].

the small eyes of the infants with small palpefissiures.
It is also observed that RetCam has insufficiensgrity
to image the peripheral retina of 32-34 weeks its§al].
However, there are other factors that reduce intpge-
ity. Extreme prematurity with narrow palpebral (isss
prevent good corneal contact with the lens nosepiec
Media opacity from corneal clouding, pseudophatia,
congenital cataracts can reduce the quality ofrtteges.
Poor mydriasis results in a dark, round or ringpsl
artifact. Moreover, dark pigmentation in the chdedi
region can impair visualization of retinal vascutlatails
[20].

Apart from these, some of the limitations are comrtm
both BIO and RetCam. ROP screening appears toibe pa
ful and uncomfortable for the infants due to thé&urea of
Figure 5. Image showing RetCam in non-contact mode t@xamination, which involves insertion of speculwse of
visualize the anterior segment [6] identor (in case of BIO) and a considerable amaint
Limitations of the existing techniques handling. The stress responses recorded duringrtioe-
The BIO technique is the accepted strategy for @xam dure were the infants’ crying patterns, neurobedravi
tion of ROP. However, it has a number of limitason activity and physiological responses [14]. Infahisve
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also been shown to experience changes in the lefels A device which has wider field of view to captuteet
oxygen saturation, blood pressure, pulse rate asttig peripheral retina, portable and ergonomically slégaan
mobility due to the administration of eye dropsldri-  be the best possible solution. It should be capablegh
cant [21, 22]. Retinal hemorrhages have also bden oquality image acquisition, image processing, steragd
served in some cases, following RetCam screenimg, e transmission. Furthermore, it should also consither
phasizing the fragility of the infants [23]. Anothlamita-  economic factors and can be made as a cost effedtiv
tion is that the interpretation of ROP from BIO Ret-  vice. Last but not the least, a semi-automatedceeto
Cam requires expert knowledge about ROP, for whieh detect the stages and plus disease will be ofat edp to

need trained ophthalmologists [11]. This problemiher
increases in rural or semi urban areas where théhap
mologists may or may not be readily available [18].

Conclusion

It can be seen that ROB a potentially blinding disease
occurring in premature infants, affecting the patih
maturation of the retinal blood vessels. In songesait
regresses on its own while in others it progresses

needs immediate and weekly screening of the retin&.

Treatment is given to the infants who have readhed
threshold level of the disease, followed by scregrill
the retinal development is completé.is observed that
the existing imaging procedures are tedious angbtes
some. From our findings, the lens used in digitedging
does not capture the peripheral retina, hence dhdteld
imager needs to be rotated over the cornea to fands
image the peripheral parts of the retina. This alsows
that the existing device is not ergonomically sliifer
mass screening. The current system is non-portiude
cannot be easily carried from one place to anoffiee.
images so obtained from the infants’ eyes, nedieto-
terpreted by the ophthalmologists, who might notobe
site or available at the time of the screening. ifiterpre-
tation is also difficult in some cases, due to poer im-

age quality.

Perspective

Pediatric ophthalmology is becoming increasinglyoge
nized and the need of the day is to develop a pedeye
care team and augment their skills. It has beeerobd
that there is inadequacy of the number of trainedigiric
teams and available pediatric eye centers in |rdie
hence these numbers should increase for the delofer
effective eye care. Among the diseases affectingllsm
children, ROP is a well-recognized disease in ttegna-
ture infants and needs to be addressed at its €tadgs to

prevent the infants from turning blind. The present
screening techniques include BIO and RetCam. Variou
advantages of RetCam were observed in comparison to

BIO; the main advantage being the provision of vidkl
digital imaging. However, there are limitations tiois
device as well. Apart from the device limitatiofids also

observed that ROP screening proves distressindgndo t

infants as well.
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the doctors and ophthalmologists.
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