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Abstract

Background—Telemedicine for the detection of retinopathy of prematurity (ROP) is becoming 

increasingly common; however, obtaining the required multiple retinal images from an infant can 

be challenging. This secondary analysis from the Telemedicine Approaches to Evaluating Acute-

Phase Retinopathy of Prematurity (e-ROP) study evaluated the detection of referral-warranted 

ROP (RW-ROP) by trained readers when a full set of 5 retinal images could not be obtained.

Methods—A total of 7,905 image sets from 1,257 infants in the study were evaluated. Retinal 

location of images and image quality were recorded. Sensitivity and specificity of RW-ROP 

detection by trained readers were calculated by comparing findings in incomplete image sets to the 

findings on standard eye examination.

Results—The majority of image sets contained all 5 retinal images (92.8%). The disk center 

view was the image most likely to be present and to be of acceptable image quality (96.8%). The 

nasal retina was the most difficult to obtain with acceptable image quality (83.4%). Sensitivity of 

detection of RW-ROP was 82.1% when 5 retinal images of acceptable quality were submitted for 

grading, 67.2% when 4 acceptable images were submitted, and 66.7% for 3 or fewer acceptable 

images (P = 0.02), with corresponding specificity of 82.2%, 89.0%, and 81.7% respectively (P < 

0.0001). When images of any quality were evaluated, sensitivity was not increased (P = 0.74).

Correspondence: David Morrison, MD, Associate Professor of Ophthalmology and Pediatrics, Vanderbilt Eye Institute, 2311 Pierce 
Avenue, Nashville, TN 37232 (David.morrison.1@vanderbilt.edu). 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
J AAPOS. Author manuscript; available in PMC 2017 December 01.

Published in final edited form as:
J AAPOS. 2016 December ; 20(6): 481–485. doi:10.1016/j.jaapos.2016.08.004.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions—The likelihood of detecting RW-ROP by telemedicine screening is decreased 

when a full set of retinal images is not obtained.

Current guidelines for screening for retinopathy of prematurity (ROP) recommend repeated 

and carefully timed eye examinations to identify serious disease in at-risk infants. At present 

in the United States, an infant with birth weight (BW) of <1501 g or gestational age (GA) of 

≤30 weeks requires examinations beginning at 31-32 weeks' postmenstrual age (PMA) and 

examinations at intervals of 1-2 weeks until ROP treatment is required or the eye is 

considered at very low risk, that is, mature or regressed ROP.1 To determine the validity of 

remote image evaluation in the detection of potentially serious ROP (referral-warranted or 

RW-ROP defined as presence of zone I ROP, stage 3 or worse ROP, or plus disease),2 the 

Telemedicine Approaches to Evaluating Acute-Phase ROP (e-ROP) Study compared the 

presence of clinical findings consistent with RW-ROP on diagnostic examination performed 

by an ophthalmologist experienced in performing ROP examinations with the result of 

image grading by nonphysician readers.3 The e-ROP protocol required 5 retinal images per 

eye (disk center and disk nasal, temporal, superior, and inferior) be taken by trained, 

nonphysician imagers from at-risk infants and uploaded them to a central server for grading 

by nonphysician trained readers. Among the 855 infants included in the initial publication, 

the e-ROP study reported a 90% sensitivity and an 87% specificity for detecting RW-ROP on 

trained reader grading, when both eyes were considered for the presence of RW-ROP in an 

infant.4

An important factor to successful implementation of telemedicine in ROP is the number and 

quality of the images obtained. In this secondary analysis from the e-ROP study, we report 

which of the 5 retinal images for an eye were less likely to be obtained, and the resulting 

sensitivity and specificity of ROP detection using incomplete image sets.

Subjects and Methods

The e-ROP study enrolled 1,284 infants from 11 US and 1 Canadian medical center. All 

images submitted from these infants were used for this secondary analysis. Inclusion criteria 

were prematurity with BW <1251 g. Exclusion criteria were PMA of >39 weeks at 

presentation unless referred for treatment, presence of a structural abnormality of the eye 

preventing retinal visualization, or previous ROP treatment. The protocol for imaging 

acquisition, selection for uploading, and image grading has previously been described.2,5 

Briefly, images were obtained using the RetCam Shuttle (Clarity Medical Systems, 

Pleasanton, CA) by trained and certified nonphysician imagers. The imager sought to obtain 

the 5 required retinal images for each eye of an infant and to upload them to a central server. 

Standard indirect ophthalmic examinations were completed in coordination with each 

imaging session. The ophthalmologist examiners determined the timing of eye examinations 

based on the infant's clinical needs. Nonphysician trained readers evaluated images in a 

masked fashion. Image quality was graded as good, fair, poor, or missing. Definitions used 

for this grading system are outlined in Table 1. For the purposes of this study, good and fair 

images were combined into a single “acceptable” grade category. The trained readers 

determined whether the retinal morphology observed was consistent with the presence of 

ROP, stage of ROP if present, zone of vascularization, and the presence of plus disease. The 
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result of the grading by the trained readers was then compared to the examination findings 

recorded by the ophthalmologist. For this secondary analysis, all image sets from the e-ROP 

database were graded.4

Statistical Analysis

We described the frequency distribution for number of images in a submitted image set, 

image quality among all images submitted and by each image field (disk center, temporal 

retina, nasal retina, superior retina, inferior retina). We calculated and compared sensitivity 

and specificity by number of retinal images in an image set and by number of retinal images 

with acceptable quality using the generalized linear models. Due to the small number of 

image sets having no more than 3 retinal images, we categorized the number of retinal 

images into three groups for statistical comparison: ≤3, 4, and 5 images. The sensitivity was 

calculated as the proportion of RW-ROP positive image gradings of an eye when indirect 

ophthalmic examination indicated the presence of RW-ROP in an eye at the same session, 

and specificity was calculated as the proportion of RW-ROP negative image gradings of an 

eye when indirect ophthalmic examination indicated the absence of RW-ROP. The 95% 

confidence intervals for sensitivity and specificity were also calculated. In all these analyses 

for calculating sensitivity, specificity, and their confidence intervals, and for comparing 

sensitivity and specificity across image quality groups, the inter-eye correlation and 

correlation from multiple image sessions were adjusted by generalized estimating equations 

using the sandwich robust estimate of variance.6

Results

Among the 1,284 enrolled infants, 1,257 underwent diagnostic examinations and all but 16 

infants had at least one imaging session attempted by the certified retinal imager. Of the 

7,905 image sets submitted, 7,332 (92.8%) contained all 5 required retinal images. When 

image quality was evaluated, more than 90% of image sets had 4 or more acceptable quality 

images present (Table 2).

Table 3 summarizes the frequency of acceptable, poor, and missing images by retinal view. 

Disk center was the image most frequently submitted to receive an acceptable image quality 

grading (96.8%), followed by the temporal retinal view (95.8%) and superior retina (93.2%). 

The nasal retinal view was the least likely be graded as acceptable (83.4%) and also the most 

likely to have poor image quality (13.2%) or to not be submitted in an image set (3.4%). 

When images of any quality are considered, disk center and superior retina were most likely 

to be submitted, whereas nasal and inferior retinal views were least likely to be submitted in 

incomplete image sets (Table 4).

When an analysis was performed by the number of acceptable quality images (Table 5), 

sensitivity increased with a larger number of images of acceptable quality: 66.7% when 3 or 

fewer acceptable images were submitted, 67.2% for 4 acceptable images, and 82.1% for 5 

acceptable images (P = 0.02). The corresponding specificity was 81.7%, 89.0% and 82.2%, 

respectively (P < 0.0001). When sets with images of any quality were considered, sensitivity 

was 76.9% in sessions with 3 or fewer images present, 74.1% when 4 images were present, 

and 80.2% when 5 images were present (P = 0.74). Specificity was 69.6% for 3 or fewer 
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images present, 85.6% for 4 images present, and 83.5% for all 5 retinal images present (P = 

0.0002).

Discussion

In this secondary analysis from the e-ROP study, we highlight some of the challenges that 

may be encountered in establishing a telemedicine screening program for ROP. Although 

greater than 90% of imaging attempts resulted in a complete set of images, patterns do 

emerge regarding the impact of missing images on the detection of ROP. Disk center was the 

image most likely to be submitted and to be of acceptable quality. When only 1 or 2 images 

(of any quality) were submitted, superior retina and disk center were most likely to be 

submitted. These findings are likely explained by imaging technique. RetCam imaging 

requires the camera contact a coupling gel on the cornea while an eyelid speculum is in 

place; manipulation of the camera on the eye in a limited space is often difficult. It is more 

challenging to move the camera to obtain peripheral images, particularly in the setting of 

smaller palpebral fissures in premature infants7,8 and/or in infants with various respiratory 

support devices that may obstruct access to the eye and prevent maneuvering the camera. It 

is also quite difficult to manipulate the direction of the eye with scleral depression and 

maintain camera contact with the eye for image acquisition. Thus the disk center image was 

most often obtained. The superior retina was also often visualized, likely due to the upward 

eye position associated with the Bell's reflex. The nasal and inferior retinal images were the 

most difficult to obtain, likely due to eye position in addition to the temporally placed eyelid 

speculum preventing good camera contact with the eye. Analysis of which images are most 

likely to demonstrate disease is ongoing, however, and was not evaluated in the present 

report.

Our data also indicate that when all 5 retinal images were submitted, a greater number of 

acceptable images provide improved diagnostic sensitivity (82% for 5 acceptable images vs 

67% for 3 or fewer acceptable images) and trend in the same direction when images of any 

quality are examined. This improved sensitivity with image number is not surprising. 

Features of RW-ROP may be missed if images cannot be obtained or if images are of poor 

quality and limit visualization of ROP morphology. Specificity often decreases with 

increased sensitivity. However, in our study specificity does not change dramatically with 

different numbers of images of acceptable quality (82.2% in 5 images of acceptable quality 

compared to 81.7% with 3 or fewer images) and in fact increased with 4 images present 

(89.0%). This is likely a statistical aberration due to the large number of imaging sets 

without RW-ROP. Specificity does increase when more images of any quality are examined 

(83.5% in 5 images vs 69.6% in 3 or fewer images). It stands to reason that more images of 

good quality should improve accurate diagnosis in the presence or absence of ROP despite 

this statistical finding. It should be noted that all image sets were read even if only one 

image was submitted. Although images were classified as acceptable or poor quality, the 

presence of poor image quality did not make it “ungradable.”

Several previous studies have evaluated the sensitivity and specificity of retinal imaging for 

the diagnosis of ROP.9-17 However, few have reported the quality of images obtained. Ells 

and colleauges2 reported that 96% of infants had successful imaging sessions, although 
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image quality was not specifically reported. Wu and colleauges18 reported that 21% of 

retinal images were of poor quality and could not be graded. Chiang and colleagues19 

reported that 93%-100% of imaging sessions provided usable images. In a subsequent study 

image quality was further evaluated.20 Among 3 readers, an ungradable image due to poor 

image quality was reported in 0%-40.6% of images taken at 31-33 weeks' gestational age. 

The number of ungradable images decreased to 0%-6.7% in infants 35-37 weeks' gestational 

age, perhaps indicating that older infants are easier to image. Evaluation of e-ROP data has 

demonstrated that pupil dilation, respiratory support status, and comorbidities were the 

greatest barriers to successful imaging.21 Given that better image quality and a larger 

number of images in an image set were associated with greater sensitivity for detecting RW-

ROP diagnosis in e-ROP, real-world implementation of telemedicine ROP screenings may 

include repeated imaging or referral for standard ROP examination when fewer than 4 

acceptable quality images can be obtained.

This study has several limitations. It is inherent difficult to compare image grading results 

with a criterion standard of known variability.9,10 While this secondary analysis provides 

insight into the challenges of retinal imaging for ROP, it was not powered to evaluate 

sensitivity and specificity of detecting RW-ROP when image sets were not complete. This 

analysis was performed per eye imaged and not per infant. Thus, sensitivity or specificity 

could have been altered if both eyes were considered for an infant. The standard of care 

ophthalmic examination and the imaging sessions occurred at the same time. Thus, if a child 

was ill and could only tolerate 1 study procedure, only the standard ROP examination was 

performed. We cannot determine whether these infants could have tolerated the examination 

if imaging was the only procedure being performed. Finally, timing of examinations was 

determined by the physician examiner based on clinical need rather than imaging results. 

Thus, implementation of a real-world telemedicine screening program may require a 

revision of standard screening intervals for repeat examinations.

In conclusion, the use of a telemedicine system to detect potentially blinding ROP is 

becoming more widespread, both in the US and abroad.1,7-20 Obtaining good quality images 

is an integral part of the implementation of telemedicine programs to maximize the 

screening sensitivity. Additionally, a full set of retinal images appears to be necessary to 

provide the best opportunity to detect RW-ROP.
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Table 1

The retinal image quality classification systema

Retinal image Good (acceptable) Fair (acceptable) Poor

Posterior pole Good focus, illumination, and exposure of 
disk center image; optic disk and the vessels 
in circular area up to at least 3 disk 
diameters from edge of disk in all 4 
quadrants are clearly observed

Reasonable focus, illumination, and exposure 
of disk center image; apresence of artifacts 
may obscure parts of disk center image so that 
vessels within circular region of 3 disk 
diameters surrounding disk cannot be 
visualized clearly in one or more quadrants

Unable to visualize 
vessels within circular 
region of 3 disk 
diameters surrounding 
disk in all 4 quadrants

Temporal retina 
Nasal retina 
Superior retina 
Inferior retina

Good focus, illumination, and exposure; 
vascular components, presence or absence 
of pathology, and avascularity can be 
ascertained with certainty in peripheral 
retina of the image

Reasonable focus, illumination and exposure; 
presence of artifacts may obscure some parts 
of peripheral retina; not all peripheral vascular 
components, pathology, and avascularity can 
be determined with certainty

Unable to visualize 
vessels, pathology, or 
avascular areas in 
retinal periphery

a
A single category of acceptable consisting of “good” and “fair” images was used in this analysis.
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Table 2
The frequency distribution for number of retinal images in an image set (N = 7905 image 
sets)

No. retinal images of any quality in image set No. image sets (%)

1 34 (0.43)

2 48 (0.61)

3 152 (1.92)

4 339 (4.29)

5 7332 (92.8)

No. retinal images with acceptable quality among sets with at least 1 image No. image sets (%)

0 57 (0.72)

1 104 (1.32)

2 167 (2.11)

3 408 (5.16)

4 1126 (14.2)

5 6043 (76.5)
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Table 3
The frequency distribution for image quality for each of 5 retinal image field based on 

retinal viewa

Retinal image field Acceptable n (%) Poor n (%) Missing n (%)

Disk center 7652 (96.8) 180 (2.3) 73 (0.9)

Temporal retina 7578 (95.8) 236 (3.0) 91 (1.2)

Nasal Retina 6593 (83.4) 1046 (13.2) 266 (3.4)

Superior retina 7366 (93.2) 393 (5.0) 146 (1.9)

Inferior retina 7192 (91.0) 366 (4.6) 347 (4.4)

a
7905 possible images.
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