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Abstract

Purpose: Aggressive posterior retinopathy of prematurity (AP-ROP) is a vision-threatening 

disease with a significant rate of progression to retinal detachment. The purpose of this study was 

to quantitatively characterize AP-ROP by demographics, rate of disease progression, and a deep 

learning based vascular severity score.

Design: Retrospective analysis

Subjects: The Imaging and Informatics in ROP (i-ROP) cohort from 8 North American centers, 

consisting of 947 total patients and 5945 clinical eye exams with fundus images, was used. Pre-

treatment eyes were categorized by disease severity: None, Mild, Type 2 or Pre-Plus, Treatment-
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Aggressive posterior retinopathy of prematurity is a vision-threatening disease with earlier onset and more rapid progression than less 
severe forms of ROP. Quantitative analysis using deep learning may enable earlier and more objective diagnosis.
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Requiring (TR) without AP-ROP, TR with AP-ROP. Analyses compared TR with AP-ROP to TR 

without AP-ROP to investigate differences between AP-ROP and other TR disease.

Methods: A reference standard diagnosis was generated for each eye exam using previously-

published methods combining three independent image-based and one ophthalmoscopic gradings. 

All fundus images were analyzed using a previously-published deep learning system (i-ROP DL) 

and assigned a score from 1-9. Demographic data, systemic comorbidities, and post-menstrual age 

were evaluated for each category.

Main Outcome Measures: Birth weight, gestational age, post-menstrual age, vascular severity 

score

Results: Infants who developed AP-ROP were more premature by birth weight (617 g vs 679 g, 

p=0.01) and gestational age (24.3 weeks vs 25.0 weeks, p<0.01) and reached peak severity at an 

earlier post-menstrual age (34.7 weeks vs 36.9 weeks, p<0.001) compared to TR without AP-ROP. 

The mean vascular severity score was greatest in TR with AP-ROP compared to TR without AP-

ROP (8.79 vs 7.19, p<0.001). Analyzing the severity score over time, the rate of progression was 

fastest in infants who developed AP-ROP (p<0.002 at 30-32 weeks).

Conclusion—Premature infants in North America with AP-ROP are born younger and develop 

disease earlier than infants with less severe ROP. Disease severity is quantifiable with a deep-

learning derived severity score, which correlates with clinically identified categories of disease 

including AP-ROP. The rate of progression to peak severity of disease is greatest in eyes that 

develop AP-ROP compared to other treatment-requiring eyes. Analysis of quantitative 

characteristics of AP-ROP may help improve diagnosis and treatment of an aggressive, vision-

threatening form of ROP.

INTRODUCTION

Aggressive posterior retinopathy of prematurity (AP-ROP) was defined by the International 

Classification of Retinopathy of Prematurity (ICROP) as an “uncommon, rapidly 

progressing, severe form of ROP” that “usually progresses to stage 5” ROP if untreated.1 

Characteristic features include “posterior location, prominence of plus disease, and the ill-

defined nature of the retinopathy.” Specific features of AP-ROP include shunt vessels, large 

avascular areas within vascularized retina, and flat extraretinal neovascularization which 

appears different from typical extraretinal neovascularization that forms a ridge at the 

vascular-avascular border. Despite the formal recognition of AP-ROP as a diagnostic entity 

in the 2005 ICROP, there continues to be significant disagreement among ROP experts 

regarding the precise definition and therapeutic implications of the diagnosis of AP-ROP.
2,3,4,5

Inter-observer differences in ROP diagnosis lead to differences in care between examiners 

for all components of the ICROP classification (zone, stage, and plus). This has been shown 

both in research studies evaluating diagnostic agreement, in clinical trials involving ROP 

experts,6,7 and is presumably common in the real-world day-to-day care of ROP. Several 

prior studies have explored diagnostic disagreements in ROP classification, but few have 

looked specifically at AP-ROP.3,8,9 The vascular changes that constitute plus disease present 

on a spectrum, and one likely cause of diagnostic variability is systematic differences in 
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interpreting diagnostic cut points (e.g. plus vs. pre-plus vs. normal) among examiners.10,11 

Since AP-ROP also presents along a continuum, several authors have suggested a new 

classification of “pre-AP-ROP” reflecting this continuous progression of disease, however 

this entity has yet to be formally recognized in the ROP nomenclature.2 Others completely 

differentiate between “staged,” or “classic,” ROP and AP-ROP, suggesting that the 

pathophysiology between the two may be different.12,13 Finally, although the definition of 

AP-ROP implies rapid progression, the ICROP does not formally include rate of progression 

in the diagnostic criteria and to date there has been no method to evaluate this characteristic 

as a diagnostic feature of AP-ROP.

Recent advances in automated diagnosis of plus disease using deep learning enable objective 

evaluation of vascular severity along a continuum. We previously demonstrated that a fully-

automated deep learning classifier (i-ROP DL) can diagnose plus disease with comparable 

or better accuracy to experts,14,15 that a quantitative vascular severity score (1-9 scale) 

derived using this classifier can identify clinically-significant ROP with high accuracy,16 and 

that this quantitative severity score can monitor ROP progression and regression after 

treatment.17,18 However, the potential for quantitative diagnosis of AP-ROP with deep 

learning has not been evaluated. This paper addresses this gap in knowledge by 

characterizing the clinical features of AP-ROP in a large North American patient cohort, and 

by applying a deep learning-based ROP severity score to eyes with all stages of ICROP 

disease severity. Improved methods for identifying and characterizing AP-ROP may result in 

earlier diagnosis, more consistent diagnosis, and better understanding of disease 

pathophysiology.

METHODS

This project was conducted as part of the multicenter Imaging and Informatics in ROP (i-

ROP) consortium. This study was approved by the Institutional Review Board at the 

coordinating center (Oregon Health & Science University), and by each of the 8 

participating institutions (Columbia University, Cornell University, University of Illinois at 

Chicago, William Beaumont Hospital, Children’s Hospital Los Angeles, Cedars-Sinai 

Medical Center, University of Miami, Asociación para Evitar la Ceguera en México). All 

institutions abided by the tenets of the Declaration of Helsinki, and written informed consent 

was obtained from parents of all infants enrolled.

Dataset and reference standard diagnosis

All neonates who underwent dilated ophthalmoscopic examination per standard ROP 

screening guidelines at each institution between July 2011 and December 2016 were 

included in this study. The following demographic data were collected from the study 

database for analysis: birth weight, gestational age, post-menstrual age (PMA) at time of 

peak disease severity (if any ROP). In addition, clinical comorbidities were collected for 

each baby, including history of: any grade of intraventricular hemorrhage (IVH), chronic 

lung disease (defined as requiring oxygen at 36 weeks PMA), sepsis, necrotizing 

enterocolitis (NEC), blood transfusion, or peri-ventricular leukomalacia (PVL). We 

compared the distributions of demographic features for each category using a Tukey test, 
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and adjusted using the Holm-Bonferroni method. Distribution of race, ethnicity, and 

treatment type (anti-VEGF, laser, surgery) between categories was also included in the 

Holm-Bonferroni adjustment.

Each examination included capture of standard five-field retina images using a wide-angle 

camera (RetCam; Natus Medical Incorporated, Pleasanton, CA). Images were de-identified 

and each eye examination was given a reference standard diagnosis using previously-

published methods,19 based on combined findings from ophthalmoscopic examination by 

the examining clinician and image-based examinations by 3 image readers. The reference 

standard diagnosis was established for all ICROP components: zone (I-III), stage (1-5), plus 

(plus, pre-plus, no plus), and AP-ROP (yes, no) based on majority vote and/or after group 

discussion in the absence of a majority. In addition, an overall disease category was assigned 

for each eye examination: No ROP, Mild ROP (less than type 2 disease and normal vessels), 

Type 2 or pre-plus disease, treatment-requiring (TR) ROP without AP-ROP, or TR-ROP with 

AP-ROP. Images were excluded if 2 out of 3 image graders labeled the quality as 

“unacceptable for diagnosis,” if the presenting clinical diagnosis was stage 4 or 5 ROP with 

retinal detachment, or if the eye had received treatment previously. Eyes were excluded from 

the analysis if there was no pre-treatment photo after the above exclusions. Of all the 

available images of each eye, the image that represented the peak disease severity (pre-

treatment if applicable) was selected for quantitative analysis. Statistical analysis was 

performed using Excel 2016 (Microsoft, Redmond, WA), Stata v.11.0 (College Station, TX), 

and R version 3.2.2.20

Cross-sectional and longitudinal analysis of vascular severity in AP-ROP

The i-ROP DL system was used to analyze each posterior pole image in the dataset and 

assign an ROP vascular severity score from 1 (normal retinal vasculature) to 9 (severe plus 

disease) using methods previously described: (1 x probability of no disease + 5 x probability 

of pre-plus disease + 9 x probability of plus disease).15 Images were then grouped into the 

reference standard diagnosis categories described above for cross-sectional analysis. We 

compared the distributions of vascular severity for each category using a Tukey test, and 

adjusted using the Holm-Bonferroni method. We then compared longitudinal change in 

vascular severity in 3 groups: eyes that did not require treatment (No Treatment Received), 

eyes that required treatment but were not labeled AP-ROP (TR without AP-ROP), and eyes 

with AP-ROP (TR with AP-ROP). Comparisons between groups were performed using the 

Wilcoxon rank-sum test.

Inter-reader agreement on AP-ROP diagnosis

A total of 11 image readers participated in the image gradings for the development of the 

reference standard diagnosis during this time period. Because the prevalence of AP-ROP 

was low, readers with fewer than 2000 total readings (averaging fewer than 10 diagnoses of 

AP-ROP) were excluded from analysis for inter-reader agreement. Five readers (3 

physicians and 2 non-physician study coordinators) with over 2000 readings each were 

included in the final inter-reader analysis by Cohen kappa score. The Cohen kappa score was 

calculated for each pair of graders using online tools (StatsToDo: Kappa (Cohen and Fleiss); 

www.statstodo.com) for ordinal data. Cohen kappa values were interpreted using a 

Bellsmith et al. Page 4

Ophthalmology. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.statstodo.com


commonly-accepted scale: 0 to 0.20, slight agreement; 0.21 to 0.40, fair agreement; 0.41 to 

0.60, moderate agreement; 0.61 to 0.80, substantial agreement; and 0.81 to 1.00, near-perfect 

agreement.21,22

RESULTS

Clinical and demographic features of study cohort

Table 1 displays demographic features of the study cohort based on category of peak disease 

severity and associated comorbidities. A total of 5945 eye examinations from 947 infants 

(1889 eyes) were analyzed. Sixty-two (3%) of 1889 eyes developed a peak disease severity 

of TR with AP-ROP. Infants in the TR with AP-ROP category had a lower mean gestational 

age (24.3 ± SD 0.9 weeks, p<0.01) and birth weight (617 ± 119 grams, p<0.01) than all 

other disease categories and were treated on average at an earlier PMA (34.7 ± SD 1.3 

weeks) than eyes with TR without AP-ROP (36.9 ± SD 2.8 weeks, p<0.001). There were no 

infants who developed TR-ROP in the cohort who were born after 26 weeks GA (range 

23-26 weeks). Adjusting for gestational age, infants developed TR with AP-ROP at a 

slightly earlier mean post-natal age (8.3 ± SD 1.5 weeks) compared to eyes with TR without 

AP-ROP (11.5 ± SD 2.8 weeks). In general, infants with more severe ROP tended to have 

more comorbidities. Table 2 demonstrates that type 2 or worse disease was more likely in 

patients with red blood cell transfusions (p<0.01), TR-ROP was more likely in patients with 

history of sepsis (p<0.05), and TR-ROP was more common in patients with necrotizing 

enterocolitis (p<0.05). Compared to all other groups, infants with AP-ROP had higher rates 

of chronic lung disease (p<0.05 compared with TR without AP-ROP).

Cross-sectional analysis of quantitative vascular severity score

Of the 1889 eyes meeting inclusion criteria, 1507 had corresponding images to use for the 

analysis of vascular severity score. Figure 1 displays a box plot of the median quantitative 

vascular severity scores for each of the 5 clinical severity groups shown in Table 1. For each 

ICROP category, a higher ROP vascular severity score was associated with more severe 

disease, including AP-ROP (p<0.001). The median vascular severity score for the TR with 

AP-ROP group was 8.8 (interquartile range (IQR) 8.2-9.0), 7.2 (IQR 5.3–8.7) for TR 

without AP-ROP, 4.3 (IQR 2.2-5.1) for type 2 or pre-plus disease, 1.2 (IQR 1.0-1.8) for mild 

ROP, and 1.0 (IQR 1.0-1.3) for babies with no ROP (p<0.001 for all comparisons between 

all groups).

Longitudinal analysis of vascular severity score over time

We compared the distribution of ROP vascular severity score between the three cohorts (no 

treatment received, TR without AP-ROP, and TR with AP-ROP) in Figure 2. As seen in 

Table 1, eyes that developed TR with AP-ROP developed peak disease earlier than those 

without AP-ROP (top cohort in black), and were characterized both earlier onset and more 

rapid progression of disease prior to treatment. The distribution of scores for eyes with TR 

with AP-ROP were higher than eyes without AP-ROP at all time points (p<0.002 at 30-32 

weeks, and p<0.001 after 32 weeks). Eyes with TR without AP-ROP had higher vascular 

severity scores than non-treatment-requiring eyes at all time points after 32 weeks (p<0.002 

at 32-34 weeks and p<0.001 after 34 weeks).
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Analysis of inter-reader agreement on AP-ROP diagnosis

Table 3 demonstrates the inter-observer agreement for clinician image readers in this study. 

Reader 1 and 3 showed moderate agreement, however all other pairs of readers showed no or 

fair agreement (kappa −0.01 to 0.52). Three of the 5 readers showed substantial agreement 

with the reference standard diagnosis, which would be expected as it is a composite of 3 

individual readers’ diagnoses and the clinical exam. However, the mean kappa for each 

individual reader, representing the overall agreement of a particular reader with other readers 

and the reference standard diagnosis did not exceed fair agreement for any individual reader 

(kappa 0.12 to 0.52). Figure 3 displays example images of babies with 3 different categories 

of disease by reference standard diagnosis: type 2 or pre-plus ROP (3A), TR without AP-

ROP (3B), and TR disease with AP-ROP (3C).

DISCUSSION

In this study, we analyzed a cohort of premature infants in North America to determine the 

demographics, clinical comorbidities, quantitative vascular severity, and inter-expert 

diagnostic agreement for patients with AP-ROP. There were several key findings: (1) 

Premature infants in North America with AP-ROP are born younger, develop disease earlier, 

and have more chronic lung disease than infants with other categories of ROP. (2) 

Quantitative evaluation of vascular severity using a deep-learning derived vascular severity 

score correlates with all ICROP categories of ROP including AP-ROP. (3) Diagnostic 

agreement on AP-ROP is variable, even among experienced image graders, suggesting the 

need for more quantitative diagnosis.

The first key finding is that infants in North America with AP-ROP tend to be more 

premature, develop disease earlier, and have more chronic lung disease than treatment-

requiring infants without AP-ROP (Tables 1 and 2). In this cohort of patients from 2011–

2016, we did not observe any AP-ROP in babies born after 26 weeks of gestation, whereas 

TR without AP-ROP babies varied more significantly on birth weight and gestational age. 

The finding that 80% of the patients with AP-ROP have chronic lung disease may suggest 

that AP-ROP is at least partially related to a higher total exposure to oxygen than eyes 

without AP-ROP, since these babies have higher oxygen requirements for a longer time. This 

is not to suggest that oxygen exposure is unrelated to less severe forms of ROP, but only that 

the most severe phenotypes may be more common in eyes with the highest exposure and the 

least developed retinas at birth. It is also possible that the relationship is merely an 

association of two conditions that increase with extremes of prematurity, rather than a causal 

relationship between oxygen and AP-ROP.

Another potential explanation for earlier onset of AP-ROP is that post-natal age may be a 

better predictor of treatment timing than post-menstrual age, which was suggested in a 

recent paper from Sweden that found peak risk at 12 weeks post-birth, independent of 

gestational age at birth.23 It is worth noting here that the epidemiology of AP-ROP varies 

between regions. In high-income countries, AP-ROP is rare (<5% of ROP cases) and 

typically only affects the lowest birth weight infants as we found here,1,24 which is not the 

case in many low- and middle-income countries (LMIC), where there is high incidence of 

AP-ROP in older and larger birth weight babies.25,26 The phenotype of AP-ROP in bigger 
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babies can, in certain cases, be directly attributable to exposure to unblended (100%) 

oxygen. In both cases, oxygen concentration and/or total exposure (concentration over time) 

may be the most important risk factor for development of the phenotype of AP-ROP, which 

presents earlier and more aggressively than TR without AP-ROP in both populations.26

The second key finding is that the full spectrum of ICROP ROP disease severity including 

AP-ROP is quantifiable with a deep-learning derived automated vascular severity score 

(Figure 1). This has several potential implications: (1) Incorporating a vascular severity 

score into the diagnostic criteria for ROP may bring a level of objectivity to the clinical 

determination of all levels of disease severity. Kalpathy-Cramer et al previously 

demonstrated that while graders would often disagree on ICROP classification, they tended 

to agree on relative disease severity.10 A continuous severity score would allow objective 

measurement of disease severity that could be put into appropriate clinical context for 

treatment decisions, as well as studied prospectively to better understand optimal timing of 

interventions in different phenotypes. (2) By analyzing rate of change of the vascular 

severity score, we may better understand the kinetics of various ROP phenotypes including 

AP-ROP. This latter finding also raises the question of whether pace of disease ought to be 

incorporated into the diagnostic criteria for AP-ROP since both the term “aggressive” as 

well as the older term “rush” disease have kinetic implications that are not encoded in the 

current ICROP criteria. Taylor et al and Gupta et al have shown retrospectively how the 

vascular severity score can differentiate progression to treatment-requiring disease and 

regression after treatment.17,18 Data from this study suggest that many of the eyes that will 

eventually progress to TR with AP-ROP may be identified as early as 2–4 weeks prior to 

treatment (Figure 2), which may have implications for risk modeling, disease screening, and 

enable future prospective evaluation of earlier (and more phenotype-specific) treatment 

thresholds.

The third key finding is that we found significant levels of inter-reader disagreement in 

diagnosis of AP-ROP (Table 3). On the one hand, it is surprising that colleagues in the i-

ROP research consortium with more than 2000 gradings demonstrated only fair agreement 

for such an important phenotype. On the other hand, since the diagnostic description of AP-

ROP is nonspecific (“ill-defined nature of the retinopathy”), plus disease is a necessary (but 

subjective) component, and both plus disease and AP-ROP evolve along a continuum, the 

lack of perfect agreement is consistent with what has been reported previously in ROP.
12,25–27 Further complicating precise and accurate phenotypic classification of AP-ROP, 

Flynn and Chan-Ling described a hybrid form of ROP, with a mixture of more typical ridge 

pathology (e.g. Figure 3B) and ill-defined flat neovascularization (e.g. Figure 3C).13,25 The 

terminology in the literature is also conflicted as to whether the severe posterior disease seen 

in less premature babies in LMIC (e.g. infants > 30 weeks gestation and > 2000 grams) 

ought to be called AP-ROP versus “oxygen-induced” ROP, the latter of which is not a formal 

disease classification in the ICROP, but is a well-recognized entity in LMIC populations, and 

primarily related to suboptimal oxygen monitoring and excessive oxygen exposure.28,29 It is 

worth noting however, that since the ICROP was first established in the 1980s, 30 years after 

the end of the first epidemic of ROP in the US and Europe,30 phenotypic variations of ROP 

related to oxygen may not be reflected within the current ICROP classification system.
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There are several limitations to this study. The first is the acknowledgment that there is no 

gold standard for the diagnosis of AP-ROP. In this study, we utilized a reference standard 

diagnosis, combining multiple independent, image-based expert readings and the clinical 

diagnosis by binocular indirect ophthalmoscopy. Given that readers within our study often 

disagreed on the diagnosis of AP-ROP individually, it is likely that the same would be true 

with some of the readers of this paper, for many of the reasons mentioned above. We believe 

that this suggests the need for more objective metrics of disease severity that are more 

directly tied to anatomic and visual outcomes. Second, all post-treatment exams were 

excluded from the study given that there are no formal classifications for post-treatment 

ROP. Therefore, this analysis does not address the issue of disease recurrence post AP-ROP 

treatment, which is known to be higher than TR without AP-ROP.31,32 Third, we excluded 

images of poor quality and therefore the effect of quality on the vascular severity score was 

not evaluated. Fourth, as alluded to above, there are known differences between AP-ROP 

seen in North America, and the much more prevalent severe ROP seen in LMIC worldwide 

and therefore the generalizability of these findings to those populations is unknown.

CONCLUSION

Visual outcomes from untreated AP-ROP are poor, which make accurate and timely 

diagnosis critical. The use of quantitative disease metrics, such as the ROP vascular severity 

scale, may represent a way to improve diagnostic agreement and enable earlier recognition 

of AP-ROP in the future.33 In this North American population, we found that the disease 

tends to occur only in the most premature babies, who have multiple comorbidities, and 

tends to present earlier and more aggressively than severe treatment-requiring that was not 

diagnosed as AP-ROP. Combining demographic risk with kinetic monitoring of a vascular 

severity score may lead to earlier recognition of babies progressing towards AP-ROP in the 

future. Globally, AP-ROP is both more prevalent and more aggressive in regions of the 

world with less well-regulated oxygen monitoring, and the greatest potential application of 

quantitative disease monitoring and early detection may be in this population. Finally, these 

results demonstrate the potential applicability of deep learning not only for image-based 

disease diagnosis (i.e. referable diabetic retinopathy) but for quantitative diagnosis of 

disease, which may be broadly relevant to other imaging technologies within ophthalmology 

and medicine.
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Figure 1. Box-plot distribution of vascular severity scores by peak disease severity.
The vascular severity score at the time of peak disease severity for eyes in three cohorts in 

the Imaging and Informatics in retinopathy of prematurity (ROP) cohort study was 

significantly different for each disease category including treatment-requiring (TR) disease 

with aggressive posterior retinopathy of prematurity (AP-ROP, p<0.001 for all comparisons).
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Figure 2. Longitudinal evaluation of vascular severity score.
Violin plot distribution of vascular severity score for eyes in three cohorts in the Imaging and 

Informatics in retinopathy of prematurity (ROP) cohort study. Number (n) in each cohort as 

well as median and interquartile-range (IQR) of vascular severity score at each time point 

displayed below. Eyes with aggressive posterior retinopathy of prematurity (AP-ROP) 

demonstrated earlier and more rapid progression of disease severity compared to treatment-

requiring (TR) eyes without AP-ROP and those eyes with non-TR ROP (p<0.002 for 30-32 

weeks, and p<0.001 for all other time points).
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Figure 3. Representative fundus photos and vascular severity scores of eyes with and without 
aggressive posterior retinopathy of prematurity (AP-ROP).
Three example images from eyes of patients with and without AP-ROP. A) Left eye of an 

infant with type 2 ROP. On ophthalmoscopy, this patient had zone II, stage 2 disease with 

pre-plus and a severity score of 4.1. B) Right eye of an infant with treatment-requiring (TR) 

ROP. On ophthalmoscopy, this infant was diagnosed with zone 2, stage 3 disease with plus 

disease. C) Left eye of an infant diagnosed with TR-ROP with AP-ROP. On 

ophthalmoscopy, this patient was diagnosed with zone 1, stage 3 with plus disease. 

Compared to the baby in B, the baby in C demonstrated extensive flat stage 3 disease rather 

than the more typical stage configuration seen in B.
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Table 1.
Clinical and demographic features of study cohort displayed by peak disease severity.

Features of infants who developed treatment-requiring (TR) with aggressive posterior retinopathy of 

prematurity (AP-ROP) are significantly different compared to infants who developed other disease categories.

Peak severity n (eyes) Mean birth weight, g (SD) Mean gestational age, wk (SD) Mean PMA at peak, wk (SD)

No ROP 841 1142 (309)*** 28.8 (2.0)*** Not applicable

Mild ROP 584 921 (264)*** 27.0 (2.0)*** 37.0 (3.8)***

Type 2 ROP or pre-plus 282 742 (210)* 25.7 (1.8)*** 38.2 (4.4)***

TR without AP-ROP 120 679 (179)** 25.0 (1.5)** 36.9 (2.8)***

TR with AP-ROP 62 617 (119) 24.3 (0.9) 34.7 (1.3)

*
Statistically significant difference compared to TR with AP-ROP, p<0.05

**
Statistically significant difference compared to TR with AP-ROP, p<0.01

***
Statistically significant difference compared to TR with AP-ROP, p<0.001

g = grams; wk = weeks; SD = standard deviation; PMA = post-menstrual age; ROP = retinopathy of prematurity; TR = treatment-requiring; AP-
ROP = aggressive posterior retinopathy of prematurity
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Table 2.
Comorbidities and use of targeted oxygen saturations of study cohort displayed by peak 
disease severity.

Infants who developed treatment-requiring (TR) disease with aggressive posterior retinopathy of prematurity 

(AP-ROP) had higher rates of chronic lung disease than other infants with ROP.

Peak severity n (eyes) RBC transfusion Chronic lung disease Sepsis IVH NEC PVL
†

No ROP 841 50%*** 17%*** 19%*** 18%*** 7.0%*** 3.1%

Mild ROP 584 75%** 34%*** 31%*** 24%* 21%** 3.5%

Type 2 or Pre-Plus 282 91% 58%** 36%* 33% 21%* 9%

TR without AP-ROP 120 93% 58%* 51% 41% 29% 7%

TR with AP-ROP 62 93% 80% 59% 40% 36% 7%

*
Statistically significant difference compared to TR with AP-ROP category, p<0.05

**
Statistically significant difference compared to TR with AP-ROP, p<0.01

***
Statistically significant difference compared to TR with AP-ROP, p<0.001

†
Chi-squared approximation may be invalid due to few subjects with PVL overall, including limited number within TR with AP-ROP group

ROP= retinopathy of prematurity; TR= treatment-requiring; AP-ROP= aggressive posterior retinopathy of prematurity; RBC= red blood cell; IVH= 
intraventricular hemorrhage; NEC= necrotizing enterocolitis; PVL= periventricular leukomalacia
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Table 3.
Inter-reader agreement on the diagnosis of aggressive posterior retinopathy of 
prematurity (AP-ROP).

Agreement between individual readers, as well as between readers and the reference standard diagnosis 

(RSD), was variable.

Total readings (n) RSD 5958 Reader 1 5756 Reader 2 3533 Reader 3 3352 Reader 4 2575 Reader 5 2277

RSD

Reader 1 0.72

Reader 2 0.52 0.45

Reader 3 0.74 0.69 0.50

Reader 4 0.74 0.37 −0.012 0.52

Reader 5 0.16 0.16 0.15 0.16 −0.0024

Mean kappa score 0.54 0.50 0.32 0.52 0.32 0.12

RSD= reference standard diagnosis
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