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5Advances in the Management 
of Retinopathy of Prematurity

Deeksha Katoch, Ashish Markan, and Mangat Ram Dogra

5.1	� Introduction

Retinopathy of prematurity (ROP) is a retinal disorder characterized by abnormal 
neovascular proliferation that occurs secondary to arrest of the physiologic retinal 
vascularization. ROP accounts for nearly 40% of childhood blindness and is esti-
mated to affect three-fourth of premature infants born with a birth weight of less than 
1250 grams (g) [1]. The epidemiology of ROP is described in three epidemics [2]. 
Unrestricted use of oxygen led to the first epidemic of ROP in the USA and the UK 
between 1940 and 1960. Restriction of oxygen usage curtailed the first epidemic 
albeit with some increase in pulmonary complications and mortality. The second 
epidemic was again seen in developed countries due to increased survival of preterm 
babies with very low birth weights. The burden of ROP in current times is limited to 
the low- and middle-income countries and is postulated to be similar to the situation 
in the developed countries in the first epidemic. Out of the estimated 15 million pre-
term infants born worldwide every year, nearly 3.8 million are born in low- and 
middle-income countries [3]. High rates of preterm births, suboptimal neonatal care, 
low screening coverage, and paucity of trained ophthalmologists have caused ROP to 
become an emerging public health problem in these nations. Studies in Asian Indian 
infants have shown that ROP can occur in heavier and more mature infants with birth 
weight >1250 g [4, 5]. In India, for example, as per WHO (2010) out of the 3.5 mil-
lion preterm births, about 6,00,000 babies are born at gestational age (GA) <32 weeks. 
Out of these, approximately 2,00,000 babies are at the risk of developing ROP every 
year. Even if 10% of them develop treatable disease, roughly 20,000 newborns will 
require ROP management every year in India alone [6, 7].
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Amid the growing number of infants requiring ROP screening and treatment, 
there have been evolutionary changes in disease classification, disease documenta-
tion, and treatment which will be discussed in this chapter.

5.2	� Classification

ROP is classified using the International Classification of ROP (ICROP) into zones 
(I–III) for disease location, stage 1–5 for disease severity, and clock hours 1–12 for 
disease extent. Dilatation and tortuosity of the posterior retinal vessels are noted as 
the presence or absence of plus disease. The ICROP classification was revised in 
1987 and again in 2005 to include the terms “pre-plus” and “Aggressive Posterior 
ROP” (APROP). Appearance of posterior retinal vessels which was less than the 
definition of plus was categorized as pre-plus, warranting closer observation for 
progression to plus and treatment requiring disease [8]. APROP was classified as a 
severe, rapidly progressive disease characterized by location in zone I or posterior 
zone II, prominence of plus, flat neovascularization, circumferential shunt vessels, 
and vascular loops. APROP can progress directly to retinal detachment without 
passing through the typical intervening stages if left untreated [8].

ICROP was recently updated in 2021 (ICROP 3) with the following salient new 
additions [9].

	(a)	 Definition of “posterior zone II” as an intermediate zone that begins at the mar-
gin of zone I and zone II and extends into zone II for 2 disc diameters.

	(b)	 Description of a “Notch” as an incursion of the ROP lesion for 1 or 2 clock 
hours into a more posterior zone. In the presence of a posterior notch, the zone 
for eyes is labeled by the most posterior zone of retinal vascularization.

	(c)	 Aggressive ROP—ICROP 3 recognized that APROP may occur beyond the 
posterior retina and in larger preterm infants, particularly in regions of the 
world with limited resources. Therefore, replacement of the term APROP with 
Aggressive ROP (A-ROP) has been recommended.

	(d)	 Subclassifications of stage 5 as 5A when the optic disc is visible by ophthal-
moscopy, 5B—when the optic disc is not visible because of retrolental fibrovas-
cular tissue or closed-funnel detachment, 5C—presence of anterior segment 
changes such as anterior chamber shallowing, iridocorneolenticular adhesions, 
and corneal opacification.

	(e)	 Regression: Signs of regression include reduction of plus, advancement of vas-
cularization into the peripheral avascular retina, involution of tunica vasculosa 
lentis, better pupillary dilation, greater media clarity, and resolution of intrareti-
nal hemorrhages.

	(f)	 Reactivation: Appearance of recurrent vascular dilation, tortuosity, or both, 
similar to acute-phase pre-plus or plus disease. Documentation of reactivation 
should specify the presence and location(s) of new ROP features, using the 
modifier reactivated. For example, the presence of a ridge during reactivation 
would be noted as “reactivated stage 2.”

	(g)	 Long-term Sequelae: Include late retinal detachments, Persistent Avascular 
Retina, Macular anomalies, Retinal vascular changes, and glaucoma.
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5.2.1	� Risk Factors

ROP is a multifactorial disease. Identification of the risk factors can aid neonatolo-
gists as well as ophthalmologists to perform careful risk stratification for screening 
and take necessary measures to prevent disease progression. Among the several risk 
factors linked to ROP, low birth weight, prematurity, and postnatal oxygen exposure 
are well known to confer independent risk. Apart from this, prolonged mechanical 
ventilation, APGAR score, anemia, sepsis, pulmonary complications, use of surfac-
tant, multiple blood transfusions, necrotizing enterocolitis, intraventricular hemor-
rhage (IVH), thrombocytopenia, and cardiac disease are some of the other risk 
factors for development of ROP in preterm infants [10].

5.2.2	� Screening Guidelines

Screening guidelines vary across different demographic regions based on different 
risk profiles and quality of neonatal care. The American Academy of Pediatrics 
(AAP), American Association for Pediatric Ophthalmology and Strabismus 
(AAPOS), and the American Academy of Ophthalmology (AAO) recommend a 
retinal screening examination for infants with a birth weight of ≤1500 g or gesta-
tional age of ≤30 weeks. Infants between 1500 and 2000 gm and GA >30 weeks 
with risk factors such as prolonged oxygen supplementation are also eligible for 
screening [11]. The United Kingdom guidelines recommend screening all preterm 
infants with GA < 32 weeks and birth weight <1501 gm [12].

Development of severe ROP in more mature and heavier infants in developing 
countries who may be missed if western guidelines are used for screening has been 
reported previously [4]. This has necessitated a need to alter screening guidelines 
based on country-specific incidence and disease distribution [4]. The current Indian 
ROP guidelines as an example recommend screening of all children born with GA 
<34 weeks and/or BW <2000 g. Those born at >34 weeks GA to be screened in 
presence of risk factors (prolonged oxygen requirement, respiratory distress syn-
drome, chronic lung disease, blood transfusions, sepsis, apneas, poor postnatal 
weight gain, cardiorespiratory support, IVH). Screening should be performed before 
the baby is discharged from NICU/SNCU, or by 30 days of life, whichever is earlier 
[7]. Babies with GA <28 weeks and birth weight <1200 grams should be screened 
by 2–3 weeks of chronological age.

5.2.3	� Imaging for ROP

Indirect ophthalmoscopy with scleral depression by an experienced ophthalmolo-
gist is considered the gold standard for ROP screening. The difficulty with this 
approach is the paucity of trained ophthalmologists, lack of objectivity, and an asso-
ciated learning curve. All these factors have translated into remote telemedicine 
screening by nonphysicians such as trained ophthalmic technicians and nurses [13, 
14]. Digital retinal imaging devices have now been validated for objective disease 
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documentation, parental counseling, and telemedicine-based screening in remote 
areas where no ROP specialists are available [13–15].

Fundus photography in premature babies presents unique challenges due to the 
absence of fixation and voluntary cooperation from the infant. Imaging systems for 
ROP also need to be portable to allow transport across different NICUs, have a wide 
field of view, be able to image eyes and fundi of different colors, and allow easy 
export of files in standardized medical image formats for telemedicine.

The most commonly used fundus camera for ROP screening and also proven 
useful for telemedicine is the RetCam (Natus Medical Systems, Inc., Pleasanton, 
CA, US). It is a contact, wide-angle, mydriatic, hand-held imaging device that can 
capture upto 1300 of the retina [16]. The RetCam Shuttle is the compact, easily 
portable, and lighter version of the RetCam. RetCam 3 version of this system has a 
Fluorescein Angiography feature to delineate retinal vascular details.

Trinetra Neo (Forus health, Bangalore, India) is a novel low-cost, handheld, 
light-weight, and portable fundus camera which provides approximately 120° field 
of view. It uses a light-emitting diode (LED) illumination and a liquid lens-based 
focusing system. It has been found to be safe for ocular use [17, 18]. This camera 
has the potential to be used in low-resource countries allowing better telemedicine 
care (Fig. 5.1).

The ICON (Phoenix Clinical, Inc., Pleasanton, CA, US) is also a mydriatic, con-
tact, handheld camera with reported improved resolution and color profile for cap-
turing images in dark fundi; Fluorescein Angiography is also available with this 
device. The Panocam (Visunex Medical Systems, Inc., Fremont, CA, US) is a wire-
less, contact, handheld camera system with a 130° field of view.

Noncontact fundus cameras have also been used for capturing ROP images and 
detecting treatment/referral warranted ROP. The disadvantage of noncontact sys-
tems are difficulties in infant positioning, motion artifacts, and inability to capture 
the retinal periphery in majority. Nidek NM200-D is a portable, posterior pole reti-
nal camera with a 30° field of view [17]. Skalet et al. have shown the feasibility of 
this fundus camera to screen for ROP in remote areas and identify referral warranted 
ROP (RW-ROP). Pictor is an FDA-approved narrow-angle retinal camera with a 
field of view of 45°. Plus and pre-plus disease can be documented with high sensi-
tivity and specificity using this modality for ROP screening [19].

Optos 200Tx is an ultrawide field noncontact fundus camera which allows fun-
dus imaging upto 200°. Mao et  al. have shown feasibility to perform ultrawide 
imaging using Optos 200Tx by placing the baby in the “flying baby” position [20]. 
It involves placing one arm to support the chin/chest and the other hand supporting 
the head. Eyelid speculum is used to keep the eyelids open and stabilize the eye 
movements. The ultrawide field images show areas of non-perfusion, demarcation 
line and ridge, presence of neovascularization and hemorrhages. This allowed the 
physician to clearly identify the stage and zone of the disease.

Smartphone-based fundus imaging (SBFI) has also been used for documentation 
of ROP [21, 22]. With the help of different condensing lenses and specialized lens 
holders, smartphones can be used as cost-effective, handy, and noncontact devices 
to capture reasonable quality retinal images.
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Fig. 5.1  Comparison of wide-field fundus photographs using the Trinetra neo fundus camera (top 
panel) showing stage 3 Retinopathy of prematurity (ROP) (a) in the right eye and stage 2 ROP in 
the left eye (b) in zone II in a preterm infant. Bottom panel shows fundus photographs using the 
Retcam 3 depicting stage 2 ROP in zone II in right (c) and left eye (d)

5.3	� Optical Coherence Tomography (OCT)

With the introduction of portable Spectral domain OCT (SD-OCT) and age-adjusted 
scanning protocols, it is now possible to perform OCT in preterm infants [23]. 
Subclinical findings are being detected on OCT in both APROP and other stages of 
ROP which are difficult to pick up on indirect ophthalmoscopy. Presence of isolated 
extraretinal lesions [24] which correspond to popcorn retinopathy, and shown to be 
precursors to stage 3 disease have also been detected close to the optic disc on OCT 
in APROP [25]. Epiretinal membranes causing alterations in foveal contour in pre-
term infants have been detected on SD-OCT [26]. Presence of hyporeflective cys-
toid spaces predominantly in the inner nuclear layer in preterm infants has been 
described as macular edema of prematurity (MEOP). MEOP is usually bilateral and 
is known to be a transient event which resolves spontaneously [27]. Two patterns of 
MEOP have been described: one with a dome-shaped fovea and the other with a 
normal foveal morphology [28]. These cystic changes are independent of the stage 
of ROP.  Long-term effects of MEOP on foveal development and photoreceptor 
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function are still unknown. Visual function testing is needed to determine if these 
cysts have any adverse effect on normal foveal development.

Tilting the handheld probe can allow the physician to screen the retinal periphery 
and detect stage 3 disease in zone 2. OCT can also be useful in determining the 
extent of foveal involvement in stage 4 disease. Studies have shown the presence of 
foveal architecture abnormalities thus explaining poor visual outcomes despite a 
successfully attached retina [29].

Subfoveal choroidal thickness can also be measured using SD-OCT devices in 
premature infants. Mean choroidal thickness in premature infants range from 
324 ± 79 um to 356.9 ± 75.8 um [30, 31]. Erol et al. have shown a decrease in cho-
roidal thickness with increasing stages of ROP and attributed it to increased oxida-
tive stress at worse stages of ROP [31].

Novel information provided by OCT in ROP will help in better understanding of 
disease pathophysiology and may provide answers to the possible implications of 
ROP in foveal and visual development. Furthermore, OCT may provide new quan-
tifiable references for future treatments.

5.4	� OCT Angiography (OCT-A)

There are currently no commercially available handheld OCT-A devices to per-
form OCT-A in preterm infants. Vinekar et  al. reported OCT-A findings in 
APROP using Optovue [32]. Campbell et al. were able to successfully visualize 
microvascular changes in various stages of ROP using a handheld prototype 
OCT-A device [33]. The study demonstrated attenuated flow signal in areas of 
atrophic retina, increased signal transmission in areas of laser scars, and lack of 
flow in overlying preretinal fibrous proliferation. Kothari et al. have shown the 
feasibility of arm-mounted OCT-A to detect changes in FAZ in extremely low 
birth weight babies and allow a better understanding of foveal development in 
premature babies [34]. OCT-A studies have shown a better foveal development 
in previously anti-VEGF treated eyes compared to laser treatment [35]. Mataftsi 
et al. have shown a significantly smaller FAZ and a lower vessel density in spon-
taneously regressed ROP compared to preterm babies with no ROP and age-
matched normal controls [36].

5.5	� Fundus Fluorescein Angiography (FFA)

FFA has been a useful adjunct to clinical examination in pediatric retinal vascular 
diseases. Widefield FFA helps to document and analyze subtle peripheral vascular 
changes that can be missed on clinical examination (Fig. 5.2). Retcam 3 and Optos 
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Fig. 5.2  Wide-field retcam fundus photographs in a preterm infant born at 28 weeks of gestation 
with a birth weight of 1000 grams showing flat neovascularization or hemorrhage in posterior zone 
II with pre-plus. (a, b). Fluorescein angiography confirms and also demonstrates the extent of 
neovascularization at the vascular avascular junction (c, d)

200Tx have been successfully used to record widefield angiograms in infants [20, 
37]. FFA has helped identify vascular abnormalities such as areas of non-perfusion, 
extent of neovascularization, avascular loops, residual skip areas, and status of mac-
ular perfusion in APROP [20, 37].

Anti-VEGF therapy is preferred over laser in infants with severe vaso-
obliteration and vascularization limited to posterior zone I (Fig. 5.3). Fluorescein 
angiography helps to clearly delineate persistent avascular retina following 
treatment with Anti-VEGF agents and helps guide the need for retreatment and 
follow-up.
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Fig. 5.3  Retcam fundus photography showing posterior zone I APROP with loops and shunts in 
posterior zone I (a, b) along with a preretinal bleed over the optic disc (b). Fluorescein angiogra-
phy confirms non-perfusion of the macula in both eyes (c, d). This infant was treated with Anti-
VEGF therapy to provide an opportunity to allow vascularization to progress beyond macula

5.6	� Telemedicine in ROP

Amid the growing numbers of infants requiring screening and significant workforce 
limitation, the role of telemedicine-based screening has expanded in the field of 
ROP. Telemedicine allows non-ophthalmologists to capture and then transfer images 
online to a remotely located ROP specialist. The specialist examines the images and 
provides opinion regarding treatment or follow-up. Infants requiring urgent inter-
vention can be called for management to the referral center.

Photo-ROP trial compared telemedicine with bed-side binocular indirect ophthal-
moscopy and found them to be equally effective [38]. e-ROP study showed that train-
ing and certifying nonphysician graders to read and interpret ROP images under the 
supervision of a reading center director was reliable in detecting potentially serious 
ROP with good intragrader and intergrader consistency [39]. The Stanford University 
Network for Diagnosis of ROP (SUNDROP) is a telemedicine screening program 
based on a hub and spoke model [40]. The central hub (remote screener) at the 
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university collects digital images generated by Retcam (Clarity Medical Systems) from 
six peripheral NICUs. The screener looks for all referral warranted and treatment war-
ranted disease. The screening program has a sensitivity of 100% and specificity over 
99.5% with good negative and positive predictive values. A similar telescreening pro-
gram which has successfully completed over 46,000 imaging sessions and over 1000 
treatment procedures is the “Karnataka Internet Assisted Diagnosis of Retinopathy of 
Prematurity” (KIDROP). Technicians are trained to color code the images as red (Type 
1 ROP), orange (Type 2 ROP), and green (normal or mature retina). Images are 
uploaded on a secure tele-ROP platform and are finally analyzed by the ROP experts. 
Red flagged images are given a priority so that diagnosis can be provided the same day 
and parents are referred for time management [41]. Use of imaging, grading, and com-
puter-based image analysis can improve accuracy and consistency of diagnosis of plus 
disease compared to indirect ophthalmoscopy-based diagnosis.

5.7	� Management

5.7.1	� Laser Therapy

Laser photocoagulation of the peripheral avascular retina is considered the gold 
standard for the treatment of ROP. Topical anesthesia with 5% proparacaine or gen-
eral anesthesia can be utilized to perform the laser procedure. The Early Treatment 
of Retinopathy of Prematurity (ETROP) showed both anatomical and functional 
benefits of treating the avascular retina with diode laser photocoagulation at an ear-
lier than threshold stage when compared to cryoablation. Laser photocoagulation 
was recommended for type 1 ROP defined as a) presence of any ROP stage with 
plus or stage 3 without plus in zone I or b) stage 2 or 3 with plus in zone II [42]. 
Laser therapy converts the peripheral hypoxic retina into anoxic retina thereby 
reducing the stimulus for neovascularization and disease progression. More recently, 
laser photocoagulation using the frequency doubled Nd:YAG (532 nm green) laser 
has been shown to be as effective as the 810 nm wavelength. Sanghi et al. have 
reported comparable efficacy with both infrared diode and frequency doubled Nd: 
YAG laser [43]. This study also showed the feasibility to perform frequency dou-
bled Nd: YAG laser in eyes with tunica vasculosa lentis and preretinal hemorrhage 
without any accentuated risk of inducing cataract, anterior segment ischemia, or 
hyphema. Other reported advantages with Nd: YAG laser include higher “defocus 
threshold” resulting in lesser spots being wasted, lesser pain and more confluent 
spots being achieved as compared to infrared diode laser.

Conventionally laser burns are applied to the avascular retina upto the ora serrata 
in a near confluent manner. Despite this, the ETROP reported a 15.7% risk of pro-
gression to stage 4 or 5. Subtle modifications in the technique have been reported to 
be useful for severe stage 3 ROP. Ells et al. have shown rapid regression of the dis-
ease with posterior laser treatment in severe stage 3 zone II disease with no increased 
safety concerns [44]. The study proposed the role of primary “posterior to ridge” 
laser for eyes with thick stage 3 in four or more confluent temporal clock hours, plus 
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disease in temporal two quadrants, subretinal fluid associated with the ridge, mini-
mal temporal traction and minimum 3000 um distance between the ridge and 
the fovea.

Yetik et  al. have advocated the role of limited laser treatment (covering the 
demarcation line with 5–6 rows of laser spots 360°) in zone 2 type 1 prethreshold 
cases [45]. This prevents ablation of a large amount of peripheral retina. Limited 
laser treatment is based on a newly proposed hypothesis by the author that ROP is a 
disease initially confined to the vitreoretinal interface and results from aberrant 
growth of normal retinal vessels into the vitreous gel. Ambiguity of the premature 
vitreoretinal interface with immature ILM causes misretinalization of retinal vascu-
logenesis. Limited laser treatment around the demarcation line/ridge can cease the 
vascular growth into the vitreous gel thus allowing ILM and vitreoretinal interface 
to mature more and allowing the disease to regress.

5.7.2	� Surgical Management

Management of progressive stage 4 and stage 5 ROP involve surgical intervention 
in the form of scleral buckling or vitrectomy. The primary aim of surgery is to 
relieve tractional forces from the ridge to ora serrata, ridge to lens, and ridge to 
ridge. Whereas scleral buckling may be possible for stage 4 A or 4B ROP, the need 
for removal of the scleral buckle to allow growth of the eyeball necessitates a sec-
ond surgery before the first year of life. Introduction of microincision vitrectomy 
surgery (MIVS) has not only improved functional and structural outcomes but also 
reduced surgical times and surgical trauma [46]. Several advancements in the MIVS 
including the use of smaller gauges (23, 25, and 27 gauge), high cut rates upto 
10,000 cuts per minute, valved cannulas, improved illumination, and availability of 
specialized instruments allows improved access to the tight retinal folds (Fig. 5.4). 
Lens sparing vitrectomy involves making sclerotomy ports 1–1.5 mm from the lim-
bus through the pars plicata or the iris root. Lensectomy with vitrectomy is primar-
ily employed in cases with stage 5 ROP, associated retrolental fibroplasia, or stage 
4B ROP where the traction or the ridge extends anteriorly upto the lens capsule.

The primary aim of stage 5 ROP surgery is to remove the fibrous stalk from the 
disc which holds the retina along the central axis, allowing the posterior funnel to 
open up. This is followed by careful dissection of peripheral tough present between 
the peripheral avascular retina and the ridge [46].

Surgical outcomes for stage 4 disease with 25 gauge vitrectomy (81–100%) are 
much better than 20 gauge vitrectomy (62–92%) [47–50]. There are limited reports 
of MIVS in stage 5 disease. Reported surgical success with 23/25 gauge MIVS 
systems ranges from 33 to 45.4% in stage 5 disease as compared to 13–42% with 20 
gauge vitrectomy systems [46, 51].

Factors associated with favorable outcomes include stage 4 disease, previous 
laser treatment, LSV, and surgery with 25 G MIVS compared to 23 G [46]. Formation 
of inadvertent intraoperative retinal breaks is associated with poor anatomical out-
comes in ROP surgery and should be avoided by careful and meticulous dissection.
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Fig. 5.4  Retcam fundus photographs showing the presence of Aggressive posterior ROP in the 
right eye of a preterm infant (a) which showed progression to a stage 4A tractional retinal detach-
ment despite confluent laser photocoagulation (b). The same eye following 25-gauge microinci-
sion lens sparing vitrectomy 1 week (c) and 2 months (d) postoperatively with complete flattening 
of the ridge

5.7.3	� Anti-VEGF Treatment

Vascular endothelial growth factor (VEGF) is important for angiogenesis in fetal 
life and is also regarded as a key mediator in the pathogenesis of abnormal neovas-
cularization in ROP. Cryotherapy and laser ablation, which are standard of care for 
ROP, help decrease the VEGF levels by converting hypoxic peripheral avascular 
retina into anoxic retina. Through effective therapy, studies have shown poor struc-
tural and functional outcomes with both laser and cryoablative therapy in eyes with 
zone 1 disease and APROP [52]. Apart from this, both these are associated with 
ocular complications like high myopia and peripheral field loss. In such a scenario, 
anti-VEGF injections have emerged as a promising therapy for the management of 
ROP, especially for disease in zone 1. Currently, various anti-VEGFs like bevaci-
zumab, ranibizumab, aflibercept, pegaptanib, and conbercept have been evaluated 
in ROP treatment [53].

The BEAT-ROP study was the first prospective randomized study to show the 
efficacy of 0.625 mg bevacizumab in the treatment of stage 3 ROP with plus disease 
in zone 1 or posterior zone II [54]. Fewer recurrences (22% in laser vs 4% in the 
bevacizumab group) were reported at 54 weeks postmenstrual age and the results 
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were statistically significant for zone I eyes but not for eyes in zone II. At 2.5 years 
the Anti-VEGF treated eyes in the BEAT-ROP study showed lower degrees of myo-
pia compared to the laser-treated eyes [55].

One of the major concerns with intravitreal therapy with anti-VEGF agents is the 
long-term systemic side effects [53]. Studies have shown a reduction in serum 
VEGF levels with the presence of anti-VEGF agents in systemic circulation follow-
ing anti-VEGF injection in the vitreous cavity. VEGF is known to regulate the 
growth of various other organs like the brain, kidney, liver, hematopoietic system, 
lungs, and bones. Being a bigger and heavier molecule, vitreous and serum half-life 
of bevacizumab is much higher than ranibizumab (vitreous half-life: 5.6–6.7 days 
versus 3.2 days; serum half-life: 20 days versus 2 h respectively). Aflibercept has an 
intermediate value between the two (vitreous half-life: 4.8 days; serum half-life: 
11.4 ± 4.8 days) [53].

As a result, long-term systemic effects of Anti-VEGF injections on organ growth 
and function including neurodevelopment cannot be overlooked and need to be 
studied in detail.

PEDIG group studied variable doses of bevacizumab (0.25  mg, 0.125  mg, 
0.063 mg, and 0.031 mg) in the treatment of type 1 ROP and concluded that even 
the lowest dose of bevacizumab (0.031 mg) which was 5% of dose used by BEAT-
ROP study was effective after 4 weeks in 9 out of 10 eyes [56]. Ranibizumab after 
its intravitreal administration in premature infants has been shown to have less pro-
longed (7 days) systemic suppression of VEGF compared to bevacizumab. Recent 
studies have evaluated the effect of decreasing the dosage of ranibizumab on the 
disease outcome and associated systemic adverse events [53].

RAINBOW, an open-label randomized controlled trial studied the efficacy of 
ranibizumab 0.1 mg or 0.2 mg versus laser in very low birth weight infants (<1500 g) 
with ROP in zone I and II. The study reported overall treatment success to be 80% 
(0.1 mg) and 88% (0.2 mg) compared to 66% with laser photocoagulation alone 
[57]. The study showed no clear evidence of systemic VEGF suppression following 
intravitreal ranibizumab therapy. Ranibizumab also showed an acceptable short-
term safety profile with systemic side effects equally distributed in all three treat-
ment arms (0.1  mg ranibizumab, 0.2  mg ranibizumab, and laser arm). Systemic 
events were reported to be likely related to preterm birth and not dependent upon 
therapy.

Contrary to the above trials, some investigators have shown deleterious effects 
on neurocognitive development in preterm infants treated with anti-VEGF injec-
tions including a lower motor score, poor early cognitive function, and high mortal-
ity in preterm infants treated with anti-VEGF injection. However, in all such studies, 
the role of other confounding factors like lower birth weight, prematurity itself, 
prolonged ventilation, and prolonged oxygen supplementation in the anti-VEGF 
group could not be ruled out [58]. Though there are reports regarding thromboem-
bolic events, respiratory failure, hepatic dysfunction, and nephropathy post-
injection, their association with the anti-VEGF drug itself has not been convincingly 
proven. Long-term studies are required to look into the ocular and systemic side 
effects associated with anti-VEGF agents.
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5.7.4	� Artificial Intelligence (AI) and Deep Learning in ROP

With the increasing trend of telemedicine in ROP, there is a paradigm shift in 
computer-based image analysis (CBIA) in ROP. Before the advent of deep learning, 
traditional machine-based learning involved tedious steps of defining the disease 
features of specific interest followed by feature extraction using explicit algorithms 
and training a classifier, and lastly testing system performance on previously unseen 
dataset. The performance of the system is likely to be affected by any of the above 
steps. Earlier CBIA systems used manual or semi-automated approaches to look at 
vessel diameter and tortuosity using fundus photographs for ROP diagnosis. These 
systems lacked adequate diagnostic performance due to inaccuracy of vessel seg-
mentation or time-consuming manual inputs to delineate posterior pole vessels [59].

In the last few years, there has been a shift from machine-based learning to deep 
convolutional neural networks (CNNs), also known as deep learning. Deep learning 
classifiers do not need external training and learn without being told what to focus 
on. CNN-based systems perform similar to human graders in determining cases of 
ROP [59].

DeepROP is an automated ROP screening application which can successfully 
detect the presence or absence of ROP features (Id-Net) and can additionally grade 
the severity of the disease (Gr-Net) [60]. i-ROP-deep learning system (i-ROP-DL) 
is another CNN-based system which can classify plus disease by accurate vessel 
segmentation [61]. As both DeepROP and i-ROP-DL use publicly available 
ImageNet databases for training, they demonstrate strong agreement with expert 
opinion. The ROP vascular severity score (score derived from i-ROP-DL for ROP 
screening) can be used to monitor disease progression, and regression following 
treatment and differentiate the pace of disease in APROP.

AI seems to be an upcoming technology expected to solve some of the problems 
related to ROP screening. Its implementation into routine ROP care seems to be a 
distant reality. To implement the use of AI for ROP diagnosis in the practical world, 
concerted efforts targeted at developing standards for data acquisition, true external 
validation, and demonstration of feasibility should be made. There are several unad-
dressed technical, ethical, clinical, financial, and regulatory considerations which 
need to be understood before it can be brought into clinical practice.

5.7.5	� Medicolegal Aspects in ROP

Malpractice claims in ROP are a result of errors that result in failure to screen the 
infant in a timely manner, leading to failure/delays in intervention and/or referral 
[62]. Medicolegal risks can be avoided by understanding the complex interplay 
between the parents of the infant, the NICU, various caregivers, social workers, 
office staff, and screening physicians. Some key aspects to keep in mind include (a) 
engaging the family in the ROP screening process by providing clear written and 
verbal communication regarding timely follow-up, potentially blinding 
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complications of ROP, and the importance of timely treatment. Performing the first 
screening before discharge is likely to result in better follow-ups. (b) Coordination 
among the various stakeholders (pediatricians, gynecologists, nurses, and ophthal-
mologists) is another key element to ensure no infant escapes the screening pro-
gram. Lastly, ophthalmologists should remain updated with current screening 
guidelines in their demographic region and follow-up protocols.
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