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Abstract

Telemedicine has been used worldwide in several medical 
specialties including Ophthalmology. However, its use in 
infant eye screening especially for Retinopathy of 
Prematurity (ROP) has been more limited. Ironically, it is 
for this disease entity wherein telemedicine promises pos-
sibly the highest benefit. A short time window of screen-
ing, a standard classification of the disease, specially 
designed infant retinal cameras and lossless image trans-
fer tools make this feasible. Furthermore, the lack of 
trained experts and the large number of infants that require 
screening in the outreach make “tele-ROP” an attractive 
prospect. Yet, its relatively poor adoption can be attrib-
uted to several real-world challenges like the cost of the 
technology, cost of implementation, cost benefit, and 
medicolegal concerns. Drawing from the experience of 
over 150,000 infant screening sessions in the “KIDROP- 
Tele-ROP” program in India, this chapter addresses these 
challenges and suggests possible solutions for a wider 
expansion.
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Telemedicine (TM) is a subset of telehealth aimed to address 
uneven distribution and shortage of human resources and 
infrastructure in delivering primary or secondary healthcare. 
It employs communication networks to provide healthcare 
services and/or medical education to another geographic 

location [1]. Telemedicine in radiology is in vogue for over 
five decades. Its uptake in other fields of medicine has 
become increasingly popular with the advent of image-based 
documentation and the ubiquitous internet.

Telemedicine in ophthalmology has been used especially 
in the screening and management of retinal disorders. A 
meta-analysis concluded that digital imaging techniques 
combining mydriasis with wide-field imaging can be effec-
tively used for diabetic retinopathy (DR) screening [2]. It has 
also been used in the evaluation of the optic nerve, visual 
fields, and nerve fiber layer analysis. Increasingly, no oph-
thalmic subspecialty is untouched by telemedicine [3]. In 
middle-income countries like India, the telemedicine model 
has been successfully used for DR screening using non- 
mydriatic fundus photography captured on low-cost, porta-
ble, indigenous cameras that provide screening, especially in 
the rural areas [4, 5]. Telemedicine in pediatric retinal dis-
eases, with a special focus on Retinopathy of prematurity 
(ROP) has evolved more recently and will be the focus of 
this chapter.

8.1  Telemedicine in Retinopathy 
of Prematurity

ROP appears to fulfill the criteria described by Wilson and 
Jungner [6] for screening a disease of public health impor-
tance. These include the fact that it is an important health 
problem in a defined population subset, with a natural his-
tory that is studied, an accepted diagnostic test, treatment, 
and an agreed policy on who to treat. Importantly, case find-
ing should be a continuous process and not a “once and for 
all” project.

ROP is one of the leading causes of preventable infant 
blindness in the world especially plaguing middle-income 
countries. Indirect ophthalmoscopy was regarded as the gold 
standard for screening. However, with the increasing number 
of infants requiring screening and a scarcity of ROP special-
ists, other models of screening have been suggested and used 
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around the world. (Table 8.1) [7] There has been an evolution 
from “proof of concept” regarding the use of telemedicine in 
ROP to real-world scenarios. A report by the American 
Association of Ophthalmologists AAO concluded that wide- 
angle digital fundus photography can complement standard 
ROP care. It provides objective documentation of clinical 
examination findings, improved recognition of disease pro-
gression by comparing previous photographs and opportuni-
ties for education and research [8, 9].The advantages of 
telemedicine in ROP are listed in (Table 8.2).

Telemedicine for ROP uses remote digital fundus imag-
ing (RDFI). The concept was first proposed in 1999 [10]. It 
used the store and forward, “hub and spoke” model. The 
images were obtained from the neonatal intensive care unit 
(NICU) and stored and then uploaded via the Internet. The 

images were then received and interpreted by the grader. 
Multiple NICU served as the spoke while the reader serves 
as the hub [11]. Ells et al. defined two important concepts for 
RDFI, i.e., “standardized fundus imaging” and “referral war-
ranted ROP.” The standardized fundus images consisted of 
five images captured for each eye; these included posterior 
pole, temporal, nasal, superior, and inferior retinal fields. 
Referral-warranted ROP (RW-ROP) was defined as: any 
ROP in zone 1, the presence of plus disease, or the presence 
of any stage 3 ROP [12]. The PHOTO ROP trial gave another 
set of six standard images used widely [13, 14]. Six images 
consisted of five images from the study of Ells et al. and one 
external iris photograph. Lorenz et  al. used the term “sus-
pected treatment-requiring ROP” (STR- ROP) which 
included threshold ROP zone II, pre-threshold ROP zone I 
(type-1 ROP according to ETROP). Importantly, some ROP 
requiring treatment are not reliably gradable from the images 
[15]. Comparing both RW-ROP and STR-ROP eyes that 
finally received laser therapy, a different referral pattern 
emerged. In the study by Ells et al., only 43.5% of eyes with 
RW-ROP (10/23 eyes) received laser therapy compared to 
88.2% of the eyes with STR-ROP in the study by Lorenz 
et  al. (30/34). The wider definition of RW-ROP by Ells 
ensures a higher level of safety but considerably lowers the 
positive predictive value as to STR-ROP.

The KIDROP model is an example of a highly successful 
RDFI tele-ROP model in a middle-income country [16–18]. 
The model employs accredited non physicians to image, 
grade, and report ROP while in NICU. The reporting based 
on triage using a decision-based algorithm of “red,” 
“orange,” and “green” groups which represent patients 
requiring treatment, needing follow-up, or fit for discharge, 
respectively. These are based on the ETROP classification 
and creates a wider safety net. Images captured are uploaded 
on the cloud and are accessible on the smartphones of ROP 
specialists located remotely. Another layer in the safety net 
is that infants are discharged from screening only if “mature 
retina” appears, i.e., the vascularization noted up to the ora 
serrata is documented in two successive visits between 41 
and 45 weeks postmenstrual age. The KIDROP model dif-
fered from other programs in: (1) non- physicians are 
allowed to report and analyze the images as the first point of 
contact, thereby providing the diagnosis and decision to the 
rural mother before she leaves the center; (2) indirect oph-
thalmoscopy is not mandated before an infant can be dis-
charged from screening; and (3) the program aims at 
detecting any stage, not just treatment-requiring disease. 
This differs from other programs that used referral-war-
ranted or treatment requiring ROP as their end-point [12, 
15]. Table 8.3 compares various RDFI model. However, cur-
rently, telemedicine techniques amount to only 21% of ROP 
screening services [25].

Table 8.1 Traditional and emerging models of ROP screening (adapted 
from: The National Health and Medical Research Council (NHMRC, 
Australia) report based on the Center for Disease Control (CDC) guide-
lines) [7]

Pros Cons
Tele-imaging model Works well for 

a large number 
of at-risk 
population
Imaging and 
reporting 
possible with 
non-physicians

Camera cost Technological 
restraints
Administrative support 
needed to protect the 
imaging staff and the 
infant

Ophthalmologist- 
led model in district 
hospitals

Has been the 
standard 
examination for 
many years
cost-effective

Insufficient ROP 
specialists
Evidence to show it works 
well in large-population 
settings is limited Not a 
compliant model, as 
shown in the Mexican 
experience

Pediatrician-led 
model (Gilbert 
et al.)

Images can be 
taken by the 
resident nurses 
or doctors
Ensures all 
infants are 
screened

Every neonatal unit 
requires its own camera 
and a leader to take 
charge.
Needs multidisciplinary 
coordination

Table 8.2 Advantages of telemedicine in ROP

Photo-documentation allows:
    1.  Objective evaluation
    2.  Longitudinal comparison
    3.  Second opinion
    4.  Evaluating response to treatment
    5.  Easy and effective counseling of parents/guardians
    6.  Educational opportunities
    7.  Leveraging the trained ophthalmologist for treatment 

requiring ROP
    8.  Medicolegal protection
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8.2  Challenges in Tele-ROP

The challenges in the promotion of Tele-ROP screening in 
ROP have been summarized in Table  8.4 and have been 
addressed below:

 1. Cost of the implementation of an ROP program 
involves: (a) the cost of the camera and the viewing soft-
ware and the maintenance of the equipment; (b) human 
resource training; (c) salaries of the imaging and grading 
teams; (d) recurrent transport costs of the device and 
team; and (e) cost of the consumables.

 (a). Cost of the camera: Cameras currently available for 
telemedicine screening in ROP are relatively expensive. 
Most tele-ROP programs have used the RetCam family 
of products, most commonly the RetCam Shuttle 
(Formerly Clarity Medical Systems, USA, now Natus, 
USA). More recently, the “3Nethra Neo” developed in 
India is a more affordable option [26]. The “Neo” is a 
wide-field camera providing a 120-degree field of view 
and has some advancements in the liquid lens system to 
dynamically focus the image, an LED light source, and 
an integrated lens hand piece. The image resolution is 
better at 2040  ×  2040 pixels when compared to 
1800 × 1600 of the RetCam Shuttle. The images are a 
“square” which provides an extra arc of the superior and 
inferior retina which are lost in images from the 
RetCam’s rectangular images. The “Neo” has been 
evaluated as an ROP screening tool by comparing it 
with images from the RetCam. Sensitivity of 97–99% 
and specificity of 75–81% were reported for diagnosis 
and decision from a cohort of preterm infants [27]. The 
systemic and ophthalmic safety of the camera have been 
established [26]. A novel smartphone-based fundus 
camera with the ability to image peripheral retina has 
been reported to be useful in imaging infants with ROP 
[28]. Comparison of the three camera systems is sum-
marized in Table 8.5.

 (b). Cost-effectiveness: Besides the cost of the camera, 
other recurrent costs include training and certification of 
the imagers, costs involved in data capture, storage and 
transfer while adhering to HIPAA and other regulatory 
requirements, financial compensation of the imagers 
and the cost of transport which would vary depending 

on the number of centers and the size of the geographic 
zones.

Telemedicine pricing has normalized costs across 
geographic areas. Pricing variation in the local market 
tends to normalize when the number of service provid-
ers increases and compete among themselves. The 
availability of more affordable ROP cameras in the last 
5 years is an example in this regard.

NICUs often have contracts with local ophthalmolo-
gists to perform ROP screening using indirect ophthal-
moscopy. The cost of hiring includes being paid for 
work and also for the perceived risk of medicolegal lia-
bility. With the increasing trend in the latter, there has 
been a decline in the number of specialized ophthalmol-
ogists willing to screen. A survey indicated that there 
was difficulty in retaining or maintaining screeners for 
ROP in NICU [25]. A survey by the AAO reported that 
only 76% of the specialists providing ROP screening 
services intended to continue forward [29]. This leads to 
failure of the NICU to hire screening specialists. In 
developing countries like India, there are less than 200 
ROP specialists to screen an overwhelming number of 
preterm infants [30]. This leads to an inefficient screen-
ing model which is both time consuming for the screen-
ing physician and expensive to the service provider.

The cost-effectiveness of the tele-screening model 
over indirect ophthalmoscopy has been established pre-
viously [31]. A Hungarian tele-screening program con-
cluded that bedside screening with remote interpretation 
was more cost-saving than transport-based screening 

Table 8.4 Challenges in tele-ROP programs

Cost of implementation
Logistics of screening in the NICU
Quality and resolution of images
Training and accreditation of imagers
Medicolegal aspects and regulations
Government and legislative support

Table 8.5 Comparison of commercially available ROP cameras

Retcam shuttle 
(Natus, 
Pleasanton, CA)

3Nethra Neo 
(Forus Health, 
India) MII Ret Cam

Cost 120,000 (in 
India)

22,000 USD 
(in India)

USD 350

Portability Can be 
transported in 
a vehicle

More portable, 
needs a 
smaller 
vehicle

Portable

Resolution 1800 × 1600 2040 × 2040 Variable
Field of 
imaging

130 120 Can image 
wide-field

Weight of 
hand piece/
device

Depends on 
the lens used

310 gm 
(handpiece 
with integrated 
lens)

150 gm 
(device)

Mydriatic/
Non 
mydriatic 
camera

Mydriatic 
camera

Mydriatic 
camera

Mydriatic 
camera

Capability Integrated into 
tele-ROP 
programs

Integrated into 
tele-ROP 
programs

Useful in image 
documentation

Certification FDA & CE FDA & CE Not available
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with indirect ophthalmoscopy from the perspective of 
the service provider and also the return on initial (ROI) 
investment recovered within 5 years after the project 
initiation [32].

 (c). Image quality and resolution: Image quality plays a 
very important role in grading of ROP effectively and 
reliably. Ungradable images ranged from 8% to 21% 
among the published studies [13, 33].

Factors affecting the image quality are small palpe-
bral fissure, suboptimal pupil dilatation, darkly pig-
mented fundi, poor contrast, corneal and vitreous haze 
due to extreme prematurity, cataract, vitreous hemor-
rhage, hyaloid reminant, retinal pigment epithelium 
thickness, choroidal blood vessels, and motion arti-
facts. Better image quality and a large number of 
images have been found to be associated with greater 
sensitivity for detecting RW-ROP. Repeated imaging or 
referral for standard ROP examination was suggested 
when less than four acceptable quality images were 
obtained [34]. Newer ROP cameras have better resolu-
tion of 2040 × 2040 compared to previously available 
RetCams [26].

Another method to improve image quality is by 
image enhancement. RetiView is a noninvasive and 
inexpensive method of customized image enhancement 
[35]. It helps to detect clinically difficult characteristics 
in APROP images and can influence treatment planning. 
Various image processing techniques like Gabor filter, 
Canny’s method, and geometrical methods, study 
changes in the characteristics of the major temporal 
arcade and provides good accuracy in computer-aided 
diagnosis of plus disease [36] especially useful in 
APROP [37].

 (d). Training and accreditation of imagers: Non- physician 
imagers form the backbone of any tele-ROP program. 
Reports suggest that non-physician graders after being 
trained and certified can detect ROP with good intra- 
grader and inter-grader consistency and minimal tempo-
ral drift. Various successful programs have used imaging 
personnel ranging from physician to non-physician 
imagers are summarized in Table  8.3. The KIDROP 
STAT (Score for Training and Accreditation of 
Technicians) was developed to train and certify imag-
ers. This comprises of three levels (I, II, and III) and has 
a 20 point score, which tests the knowledge, skill, and 
practice patterns of the imager in their native setting. On 
average, training a new imager can take between 30 and 
90 working days. The training period has been consider-
ably shortened after the introduction of online training. 
The online platform “WISE-ROP” (Wide-field Imaging 
for Screening and Education for ROP) has several train-
ing modules based on the onsite training curriculum 
[38, 39]. Imagers read and undergo self-assessment 

quizzes at the end of each module. Video sessions and 
viva voce to correct the technique and practical difficul-
ties are scheduled with an assigned mentor. Skill is 
graded as per the STAT-Score levels and tested before a 
completion certificate is awarded [16, 39].

 (e). Medicolegal liability and regulation: Medicolegal 
liability assumes importance in telemedicine in ROP 
where compensation awarded runs in millions of dol-
lars [40]. In India, US$350,000 has been awarded as a 
compensation against a government tertiary hospital 
for not providing “timely ROP screening.” To date, no 
lawsuit related to tele-ROP screening has been 
reported. But with increasing telemedicine practice, 
the risks are bound to increase. The laws governing 
telemedicine are poorly defined and differs widely 
among countries. The regulations regarding the duties 
and responsibilities of ophthalmologists in telemedi-
cine are also not defined. The joint technical report by 
the American Academy of Paediatrics, the American 
Academy of Ophthalmology, and the American 
Academy of Certified Orthoptists have outlined rele-
vant practical and risk management considerations 
that should be followed when including imaging-based 
ROP care [9]. The obligation of the ophthalmologists 
interpreting images for a reading center but not provid-
ing ROP care at the hospital is also not defined. 
Tracking and follow-up of these infants must be a joint 
responsibility between the pediatrician and ophthal-
mologist until the acute screening and/or treatment is 
completed. The National Health and Medical Research 
Council (NHMRC, Australia) report based on the 
Center for Disease Control (CDC) guidelines [7] on 
the KIDROP program noted that “regressing back 
from the current model of tele-imaging to indirect 
ophthalmoscopy performed by inadequately trained 
ophthalmologists is fraught with the danger of sub-
optimal management of ROP care.” [7] This under-
lines the importance of accreditation and validation of 
ROP caregivers.

 (f). Government and financial support: To maintain a 
successful tele-ROP model regulatory, logistic and 
financial support from the government are important. 
Unfortunately, not many tele-ROP programs are sup-
ported by the government. The KIDROP model in India 
is an example of public–private partnership. The 
national telemedicine network for retinopathy of pre-
maturity screening in Chile has been funded by the gov-
ernment [22]. National Task Force of ROP in India is an 
apex body that regulates and promotes such activities. 
In India, the operational guidelines for ROP from the 
National Task force (2018) for the first time recommend 
image-based screening as a viable alternative for ROP 
screening to indirect ophthalmoscopy. More participa-
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tion is needed from the state and federal government to 
promote ROP care in the public health delivery system.

The Future of Tele-ROP Artificial intelligence (AI) 
appears as a relatively cost-effective alternate accessible 
screening modality that is being explored in ophthalmology. 
FDA has recently approved the first autonomous AI system 
to provide a diagnostic decision independent of human grad-
ers and also checks the image quality [41]. Remidio AI-based 
software can make the diagnosis of sight-threatening dia-
betic retinopathy with high sensitivity [42].

It is intuitive to expect that AI in ROP has a good poten-
tial. ROP compared to DR is relatively limited by retinal 
findings but the complexity lies in the urgency of interven-
tion in type 1 ROP and in the management of systemic 
comorbidity in a neonate compared to adults with 
DR.  Deep convoluted neural network (CNN) models to 
identify plus disease have already been investigated [43]. 
Recently CNN models accurately assessed retinal fundus 
image quality in ROP in a manner comparable with the 
experts [44]. The i-ROP deep learning (DL) system has 
been found to accurately identify diagnostic categories and 
overall disease severity in an automated fashion. This 
iROP DL system has only been trained on posterior pole 
vascular morphology [45]. The data provides a proof of 
concept that a deep learning system can be used in an auto-
mated fashion to diagnose ROP.

A significant advantage of ROP screening with imaging, 
rather than indirect ophthalmoscopy lies in the documenta-
tion of other non-ROP conditions. In a study of 1450 preterm 
infants screened by the KIDROP program, 7.7% had a diag-
nosis other than ROP, which included conditions as severe as 
retinoblastoma [46]. Furthermore, the program has expanded 
to provide “universal screening,” for full-term, healthy 
infants consistent with the government’s universal health 
coverage program. In a study of 1021 term infants imaged 
within 3 days of birth showed that 4.7% had an abnormality, 
1.6% required medical or surgical intervention [47].

Impact of Tele-ROP An impact assessment of scaling up 
the image-based tele-ROP program in India showed that in 
the 10 high-risk ROP states, with a population of roughly 
680 million, over 35,000 infants would be detected with 
ROP and over 1200 need treatment annually. The financial 
saving in “blind-person-year” (BPY) is estimated at USD 
108 million [24]. The United Nations Development Program 
(UNDP) report on the tele-imaging program [48] and the 
National Health and Medical Research Council (NHMRC, 
Australia) report based on the Center for Disease Control 
(CDC) guidelines [7] on the KIDROP program, strongly 
suggest that wide-field imaging is likely to become the new 
gold standard in ROP screening for Indian and other nations 
with similar ROP demographics.
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