
Association of Disorganization of Retinal Inner Layers with 
Ischemic Index and Visual Acuity in Central Retinal Vein 
Occlusion

Duncan Berry, MD1, Akshay S. Thomas, MD, MS1, Sharon Fekrat, MD1, and Dilraj S. Grewal, 
MD1

1Duke University Department of Ophthalmology, Durham, NC

Abstract

Purpose—To determine whether disorganization of retinal inner layers (DRIL) on optical 

coherence tomography (OCT) is associated with ischemia on ultra-widefield fluorescein 

angiography (UWFFA) and with visual outcomes in eyes with acute, treatment-naïve central 

retinal vein occlusion (CRVO).

Design—Retrospective, single-institution, longitudinal cohort study.

Participants—Twenty-five consecutive patients with treatment-naïve CRVO and ≥ 1 year 

follow-up.

Methods—Two independent masked graders evaluated the extent of DRIL, ellipsoid zone 

disruption, external limiting membrane disruption, and other OCT parameters at the baseline, 6- 

month, 12-month, and final visits. Baseline UWFFA images were assessed for ischemic index 

values and foveal avascular zone (FAZ) enlargement.

Main Outcome Measures—Associations of DRIL with UWFFA findings and clinical 

outcomes including corrected visual acuity (VA).

Results—The median time to final follow-up was 24 months (range 12.1 – 43.9 months). Median 

DRIL extent at baseline was 765 µm (range 0 – 1000 µm). Eighteen of 25 eyes (72%) had some 

degree of DRIL at baseline, and 20 of 25 eyes (80%) had cystoid macular edema (CME). Neither 

the presence nor extent of DRIL at baseline was associated with presenting VA. In a cross-

sectional analysis of each visit, extent of DRIL correlated with worse VA at both the 6-month (ρ = 

0.656; p = 0.001) and final (ρ = 0.509; p = 0.016) visits. At final follow-up, DRIL extent was the 

OCT parameter most strongly correlated with baseline ischemic index (ρ = 0.418; p = 0.047) and 

baseline enlarged FAZ (p = 0.057) on UWFFA. On multivariate regression analysis, DRIL extent 
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at final follow-up was the only OCT parameter associated with worse VA (p = 0.013) and 

remained significant when accounting for CME as a potential confounder.

Conclusions—Extent of DRIL was not associated with presenting VA in treatment-naïve eyes 

with acute CRVO. Following six months of follow-up however, DRIL extent correlated with worse 

VA and was predictive of worse VA throughout more than 2 years of follow-up. Ischemic features 

on UWFFA at baseline are predictive of the extent of DRIL development at final follow-up.

INTRODUCTION

Cystoid macular edema (CME) and macular ischemia are the most common causes of vision 

loss in central retinal vein occlusion (CRVO).1, 2 Several optical coherence tomography 

(OCT) features have been used as predictors of ischemia and visual acuity (VA) outcomes in 

CRVO and other retinal vascular diseases. External limiting membrane (ELM) integrity3, 

ellipsoid zone (EZ) integrity4, 5, hyperreflective foci (HRF)6, hyperreflective vertical lines3, 

prominent middle limiting membrane (p-MLM) sign,7 and paracentral acute middle 

maculopathy (PAMM)8 have all been evaluated as OCT-derived VA surrogates and markers 

of ischemia in CRVO.

Disorganization of the inner retinal layers (DRIL) is an OCT-derived biomarker that has 

been shown to be predictive of baseline VA as well as the VA after resolution of macular 

edema in both diabetes and uveitis.9–11 Mimouni et al. recently demonstrated that DRIL 

extent at baseline correlated with baseline VA and change in DRIL was predictive of VA 

improvement in a cohort of 136 eyes with RVO.12

The degree of enlargement of the foveal avascular zone (FAZ) and measurement of the area 

of non-perfusion by fluorescein angiography (FA) have been used to determine the degree of 

ischemia and predict VA outcomes in CRVO.13, 14 DRIL has been correlated with both 

enlarged FAZ and macular capillary non-perfusion in diabetic macular edema (DME) and is 

a reliable marker of ischemia.15, 16 However the correlation of DRIL with the severity of 

ischemia has been not been investigated in CRVO, a disease with a different 

pathophysiologic mechanism and natural history.

This study was designed to evaluate the correlation of DRIL and other OCT measures with 

the extent of ischemia on ultra-widefield fluorescein angiography (UWFFA) and visual 

outcomes in patients with acute treatment-naïve CRVO.

METHODS

Institutional Review Board approval was obtained through Duke University School of 

Medicine in Durham, North Carolina. All study-related procedures were performed in 

accordance with good clinical practice and applicable Food and Drug Administration 

regulations. The Duke University Investigational Review Board determined that informed 

consent was not necessary for this study because of its retrospective nature and absence of 

risks to participants involved. All research adhered to the tenets of the Declaration of 

Helsinki and all work using patient information was performed in compliance with the 

Health Insurance Portability and Accountability Act.
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The Duke Enterprise Data Unified Content Explorer (DEDUCE) system was used to identify 

patients diagnosed with a CRVO (International Classification of Disease, Ninth Edition, 

code 362.37) between January 1st, 2009 and July 1st, 2016. Among these patients, those 

who were treatment-naïve at presentation, presented within 3 months of CRVO onset, had 

baseline UWFFA and spectral domain OCT (SD-OCT) images, and at least 1 year of follow-

up were included. Baseline and follow-up demographic, clinical, and laboratory data were 

extracted from patient charts and analyzed. Multimodal imaging was reviewed as described 

below.

SD-OCT image analysis

All patients underwent volume scans that encompassed a 25° × 30° region (Spectralis, 

Heidelberg Engineering, Carlsbad, CA) centered on the fovea. These were reviewed at 

baseline, 6-month, 12-month, and final visits in the study eye. The large majority of volume 

scans comprised 61-line raster B-scans and rarely 31-line raster B-scans. The central line 

scan centered on the foveal depression was identified, and the central 1 mm portion of this 

B-scan was analyzed by two masked graders (AST and DB). An overlay measuring 1000 µm 

(1 mm) centered on the foveal scan’s foveal depression was placed over the foveal scan to 

determine the central 1mm portion. DRIL was defined as the horizontal extent (µm) for 

which one or more boundaries between the inner retinal layers (ganglion cell layer and inner 

plexiform layer complex, inner nuclear layer and outer plexiform layer) were not separately 

identifiable (Figure 1). The central subfield thickness (CST), area of intraretinal cysts, and 

length of disruption of the ELM and EZ were measured. Total area of intraretinal cysts in the 

central 1 mm portion was calculated by tracing the outline of each individual cyst using the 

built-in caliper tool in the Spectralis software and calculating the sum of the area (mm2).

Presence or absence of subretinal fluid (SRF) was noted, and subfoveal choroidal thickness 

was measured on enhanced depth images. Measurements between the two graders were 

compared and any value with a difference greater than 5% was jointly reviewed by both 

graders and a consensus value was determined. For values with less than a 5% difference, 

final values were obtained by averaging the two measurements.

UWFFA image analysis

An early-phase, mid-phase, and late-phase UWFFA image obtained on the Optos 200 Tx 

camera (Optos Inc, Marlborough, MA) were reviewed for each study eye in a masked 

fashion by a single grader (AST). Images were reviewed for evidence of foveal avascular 

zone (FAZ) enlargement and evidence of retinal neovascularization. The extent of non-

perfusion was quantified by calculating the ischemic index as has been previously described.
17,18 Briefly, the mid-phase image was imported into Adobe Photoshop (Version CC 2017, 

Adobe Systems, San Jose, CA), where image contrast and brightness were adjusted to help 

clearly define the perfused/non-perfused junction. Next, areas of capillary non-perfusion 

were marked. The ischemic index (%) was calculated by measuring what percentage of 

imaged pixels representing the fundus was non-perfused (Figure 2). In eyes with a large 

amount of intra-retinal hemorrhage, the area of non-perfusion was determined by comparing 

the angiogram with the pseudocolor widefield photograph. The widefield pseudocolor 

photograph and angiogram were overlaid and areas corresponding to intraretinal hemorrhage 
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were marked and these areas were excluded from ischemic index calculations.17 We did not 

have any eyes with vitreous hemorrhage that obscured the fundus vasculature.

Statistical Analysis

Data was analyzed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA). Recorded corrected 

Early Treatment Diabetic Retinopathy (ETDRS) visual acuities were converted to logMAR 

visual acuity for the purposes of statistical analysis. Descriptive statistics were computed. 

Given that the data was not normally distributed, nonparametric tests were utilized. The 

relationship between continuous variables was assessed using Spearman’s rank correlation 

coefficient. The significance of the difference between two subgroups was assessed using the 

Wilcoxon rank sum test of difference among medians. Multivariate logistic regression for 

dichotomous outcomes and multivariate linear regression for continuous outcomes was 

performed.

P-values less than 0.05 were considered significant. Although we conducted multiple 

statistical tests, we did not apply the Bonferroni correction because it increases the risk of 

type II error which is not ideal given the exploratory nature of this study.

RESULTS

Patient characteristics

The cohort consisted of 25 eyes of 25 patients with a median patient age of 64 years at 

presentation (range 44 – 87 years) and median baseline logMAR VA of 0.60 (range 0 – 1.8). 

The median time to final follow-up was 24 months (range 12.1 – 43.9 months). From 

baseline to final follow-up, study eyes received a total of 242 anti-VEGF injections, 2 

intravitreal steroid injections, and 3 sessions of panretinal laser photocoagulation. A total of 

92 B-scans from 92 visits were graded. Inter-reader Pearson correlation coefficients ranged 

from 0.92 to 1.0 (0.92 for horizontal DRIL lengths, 1.0 for intraretinal cyst area, 0.97 for 

length of ELM disruption, and 0.98 for length of EZ disruption).

At baseline, 20 of the 25 eyes (80%) had CME on OCT. Baseline median CST as measured 

on OCT images was 447 µm (range 139 – 1085 µm) and median choroidal thickness was 

235 µm (range 142 – 501 µm). Median DRIL extent at baseline was 735 µm (range 0 – 1000 

µm). Additional baseline OCT parameters are shown in Table 1.

Association of OCT parameters with visual acuity

Nonparametric bivariate correlation analysis was used to examine the relationship between 

the OCT parameters and VA at each visit in a cross-sectional manner. There was a 

significant correlation between the extent of DRIL and worse VA at both the 6-month 

(Spearman ρ = 0.656; p = 0.001) and final (Spearman ρ = 0.509; p = 0.016) visits. The 

extent of ELM disruption was the only OCT parameter that showed a significant correlation 

with worse VA across visits. The full results of this analysis are shown in Table 2.

Next, the relationship between the measured OCT parameters at the baseline visit and VA at 

subsequent visits was analyzed. Both the extent of ELM disruption and the extent of EZ 

disruption at baseline correlated with worse VA at all future visits (Table 3). A similar 
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analysis was conducted examining measured OCT parameters at the 6-month visit and VA at 

subsequent follow-up visits. The extent of DRIL at the 6-month visit was the only OCT 

parameter that predicted worse VA at both the 12-month visit (Spearman ρ = 0.617; p = 

0.003) as well as the final visit (Spearman ρ = 0.591; p = 0.010) (Table 4).

Multivariate regression analysis was then performed to examine the relationship between 

measured OCT parameters and VA. At baseline, none of the OCT parameters were found to 

be significantly associated with VA at final follow-up. At the final follow-up, DRIL was the 

only OCT parameter to be associated with VA (p = 0.013). To determine if the presence of 

CME could be a confounder, this analysis was repeated controlling for CME at final follow-

up (Supplement Table 1), and the extent of DRIL at final follow-up remained the only OCT 

parameter associated with worse VA at final follow-up (p = 0.024).

Next, the multivariate models were reduced using a stepwise regression by which the least 

significant variable was removed at each step until only significant variables remained. For 

baseline OCT parameters, the only remaining variable to be associated with worse VA at 

final follow-up was baseline CST (p = 0.004). For OCT parameters at final follow-up, CST 

(p < 0.001), extent of ELM disruption (p < 0.001), and extent of DRIL (p = 0.006) were 

associated with worse VA at final follow-up.

Association of ultra-widefield fluorescein angiography parameters with visual acuity

Baseline UWFFA were analyzed and the calculated median ischemic index was 16.3 % 

(range 0 – 44.7%). Additionally, 26% of patients were determined to have an enlarged FAZ 

on baseline UWFFA. The correlation between these baseline measures of ischemia and VA 

at each visit was examined. A larger ischemic index at baseline was associated with worse 

VA at both the baseline (Spearman ρ = 0.456; p = 0.022) as well as the 12-month (Spearman 

ρ = 0.424; p = 0.045) visits. The presence of an enlarged FAZ on baseline UWFFA was 

associated with worse VA at every visit (p < 0.05 for all visits).

Association of ultra-widefield fluorescein angiography with OCT parameters

Further analysis was conducted to determine the relationship between baseline measures of 

ischemia on UWFFA and OCT parameters at the baseline visit and at final follow-up. At 

baseline, the extent of ELM disruption was the only OCT parameter that was associated with 

both a larger ischemic index (Spearman ρ = 0.440; p = 0.028) and enlarged FAZ (p = 0.018). 

At final follow-up, the extent of DRIL was the OCT parameter most strongly correlated with 

baseline ischemic index (Spearman ρ = 0.418; p = 0.047) as well as with baseline enlarged 

FAZ (p = 0.057, Wilcoxon rank sum test) (Table 5).

DISCUSSION

In this investigation, we found that in treatment-naive eyes with acute CRVO, the extent of 

DRIL was associated with worse VA at the 6-month and subsequent visits following 

presentation. The ischemic index on baseline UWFFA was also predictive of the final extent 

of DRIL development. Notably, DRIL was the only OCT feature that was associated with 

worse VA at final follow-up. At the baseline visit, however, the extent of DRIL was neither 
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correlated with baseline measures of ischemia nor predictive of future VA. The baseline 

OCT parameter most strongly associated with final VA was CST.

DRIL is thought to represent disruptions of synaptic connections of amacrine, bipolar, and 

horizontal cells within the inner retina, although this remains to be confirmed histologically.
9 Although DRIL has been reported in diabetic retinopathy, retinal vascular disease, and 

uveitis, it is not yet known whether DRIL represents a generic sign of tissue damage, is 

specific to the underlying process, or is due to the mechanical stresses of the macular edema 

itself..9–11, 15, 16, 18 Pelosini and colleagues proposed that the bipolar axons can snap and 

cause loss of visual signal processing if macular edema causes stretching beyond their 

elastic limits, which would support the possibility that inner retinal changes such as DRIL 

may be explained by this process.20 However, it has also been reported that DRIL resolution 

patterns in DME are predictive of subsequent VA, independent of macular edema resolution 

patterns, which suggests that the underlying pathophysiology of DRIL may not be due the 

mechanical stresses of edema alone.10

DRIL has been associated with both capillary non-perfusion and an enlarged FAZ in DME.
15, 16, 18, 19 20 The association between macular ischemia and poor VA is also well 

established.21 CRVO results in anatomic neurodegenerative changes in the inner retina, and 

it is likely that DRIL represents an inner retinal circulation compromise and a vascular 

insult. Animal studies that have shown that disruption of the inner retinal laminations 

promotes abnormal vascular growth and retinal bleeding also suggest the association of 

DRIL with ischemic sequelae and poor visual outcomes.22

We found that DRIL at the 6-month, but not the baseline, visit was associated with future 

VA. Additionally, baseline ischemic parameters on UWFFA correlated with the extent of 

DRIL at the final but not baseline visit. These findings may be attributed to the fact that the 

ischemic insult is acute and usually more severe in CRVO compared to DME and thus the 

full extent of DRIL may not manifest at the time of presentation and may be partially 

masked by CME. Capillary non-perfusion and downstream secondary retinal structural 

alterations likely contribute to the extent of DRIL. Following an acute ischemic-reperfusion 

event, there is an initial structural and functional disruption of the inner retinal layers 

followed by a second wave of apoptosis and remodeling of the inner retina with 

corresponding functional changes that occur weeks after the inciting event.23 Laser-induced 

CRVO models also show an acute phase with marked edema, followed by atrophy of the 

inner layers of the retina in the chronic phase.24 Ongoing neurodegenerative changes have 

also been shown in animal models of acute cerebral ischemia up to 4 weeks following the 

initial event.25 DRIL persisting long term may represent irreversible damage to the inner 

retinal layers.

Mimouni and colleagues explored the relationship between DRIL and VA in 136 eyes with 

branch retinal vein occlusion (BRVO), hemiretinal vein occlusion (HRVO), and CRVO and 

found that the baseline DRIL extent correlated with baseline VA, and changes in DRIL were 

predictive of changes in VA after three monthly bevacizumab injections.12 However, more 

than two-thirds of their cohort (69%) was comprised of patients with BRVO or HRVO, and 

individual relationships of DRIL across RVO subtypes were not explored. As the underlying 
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pathophysiologic mechanisms and severity of ischemia are different across the RVO 

subtypes, the findings may not be representative of CRVO alone.26 Balaratnasingam et al. 

evaluated FAZ size as measured by OCT angiography (OCTA) as a potential prognostic 

marker in a cohort of 95 eyes with DME, CRVO, and BRVO.15 They found a significant 

correlation between FAZ size and DRIL extent, though this was a cross-sectional study and 

included only 11 patients with CRVO. In a small sample of 13 RVO eyes of which 4 were 

CRVO, Radwan et al. did not observe a correlation between DRIL and baseline VA.10

In addition to DRIL, other OCT-derived markers have been evaluated in RVO but only a few 

specifically in CRVO. The p-MLM sign has been reported in 28% of eyes with acute CRVO 

and has been associated with worse initial and final VA as well as ischemic CRVO.7 

Additionally, PAMM has been observed in CRVO and other retinal vascular conditions and 

is indicative of ischemia in the deeper capillary bed of the inner retina.27 However, there has 

been no correlation between p-MLM and PAMM and other clinical measures.28

Limitations of this study include those inherent to its retrospective nature and small sample 

size. Some prior studies of DRIL have examined the change in OCT parameters and how 

they related to change in future VA. These analyses were conducted in the present study; 

however, they did not reveal significant findings, which may also indicate that these analyses 

were underpowered due to the small sample size. Further analysis is also needed to 

determine the role (if any) of concurrent CME as a confounder when grading DRIL.

In quantifying retinal surface area of UWFFA images, there are challenges in correcting for 

the warping produced when the retina, a nearly spherical surface, is projected onto a two-

dimensional plane for viewing and analysis. Different approaches have been described to 

correct this including a stereographic projection method to correct distortion,29 a method 

that been validated using the retinal prosthesis as an “intraocular ruler”.30 We did not correct 

for the nonlinear peripheral distortion in our UWFFA images while calculating the ischemic 

index. This may have been one of the possible reasons for the low correlation between 

ischemic features and visual acuity and OCT parameters in this study. However, studies have 

shown good correlation between ischemic index measurements on such warped images and 

measured areas of non-perfusion on the corresponding dewarped images.31

Another limitation is that we did not adjust for normal perfused retina in our series. Singer et 

al. underlined the necessity of the exclusion of normal peripheral non-perfused retina, which 

can be considered as physiologic non-perfusion, when assessing the total area for the 

calculation of ischemic index using montaged images.32 There is variation in UWF images 

across subjects and even in the same subject during follow-up examinations. The median age 

in our cohort was 64 years, and Singer et al. reported that normal perfused retina was smaller 

in the subjects 60 years of age and older than in younger subjects, in all quadrants. This 

suggests that there may be a need to adjust the reference for normal perfused retinal area 

depending on the age and this may have altered some of the OCT-ischemic index 

correlations.

Strengths of our investigation include evaluation of DRIL as an OCT-derived surrogate in a 

cohort of CRVO patients in a real-world setting using widely adopted imaging techniques 
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across a long follow-up period. Data were reviewed by independent masked graders with 

excellent agreement. Unique to this study is the correlation of retinal ischemia severity as 

measured on UWFFA and DRIL.

In conclusion, in treatment-naïve eyes with acute CRVO, development of DRIL is 

significantly associated with ischemia as well as VA through ≥1-year follow-up. While this 

data adds support to the use of DRIL as an imaging biomarker in CRVO, further 

investigation with prospective data collection is required to validate our findings and to 

further elucidate the role of DRIL in influencing clinical outcomes in eyes with CRVO.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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In treatment naïve CRVO eyes, disorganization of retinal inner layers was associated with 

visual-acuity through over two years of follow-up and its extent was influenced by 

severity of ischemic index on the baseline wide-field angiogram
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Figure 1. Representative optical coherence tomography images of a study patient
Disorganization of retinal inner layers (DRIL) was evaluated in the central 1 mm of the line 

scan centered on the fovea (A). This 1 mm-wide portion (B) was evaluated for the 

boundaries between the ganglion cell layer-inner plexiform layer (red line), inner plexiform 

layer-inner nuclear layer (blue line), and inner nuclear layer-outer plexiform layer (green 

line). The horizontal extent of disruption of for which boundaries between any of these 

layers could not be identified was measured as DRIL (line with arrowheads). (C) An area of 

DRIL overlying a cyst of intraretinal fluid. Thirty months later, the fluid had resolved (D) 

but DRIL was still present.
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Figure 2. Calculation of the ischemic index on ultra-widefield fluorescein angiography images
(A) Representative ultra-widefield fluorescein angiogram (UWFFA) of an eye with a CRVO 

included in this study. (B) The ultra-widefield pseudocolor photograph was overlaid and 

areas of intraretinal hemorrhage were marked (orange). (C) Next, areas of hypofluorescence 

not corresponding to a hemorrhage (blue) were marked. The non-perfused pixels (blue) were 

measured and divided by the total number of imaged pixels representing the fundus and 

multiplied by 100 to calculate the ischemic index (%). Any pixels corresponding to areas of 

intraretinal hemorrhage (orange) were excluded from this calculation.
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Table 1

Baseline characteristics of study population

Parameter Mean Median Range

logMAR visual acuity 0.65 0.60 0 – 1.82

Central Subfield Thickness (µm) 542.52 447 139 – 1085

Subfoveal Choroidal Thickness (µm) 253.88 235 142 – 501

Area of Intraretinal Cysts (mm2) 0.17 0.07 0 – 0.61

Extent of Disorganization of the Inner Retinal Layers (DRIL) (µm) 619.88 765 0 – 1000

Extent of External Limiting Membrane Disruption (µm) 428.08 0 0 – 1000

Extent of Ellipsoid Zone Disruption (µm) 427.84 0 0 – 1000

Ischemic Index (%) 17.70 16.13 0 – 44.70
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Table 4

Nonparametric bivariate analysis of 6-month OCT parameters and visual acuity at follow-up visits

VA at 12-Month Visit VA at Final Visit

OCT Parameter Spearman ρ P Value Spearman ρ P Value

Central Subfield Thickness −0.208 0.365 −0.059 0.815

Subfoveal Choroidal Thickness −0.323 0.154 −0.462 0.054

Area of Intraretinal Cysts 0.146 0.528 0.181 0.472

Extent of DRIL 0.617 0.003 0.591 0.010

Extent of ELM Disruption 0.401 0.071 0.395 0.105

Extent of EZ Disruption 0.517 0.016 0.417 0.085

OCT: Optical coherence tomography; VA: Corrected visual acuity; DRIL: Disorganization of retinal inner layers; ELM: External limiting 
membrane; EZ: Ellipsoid zone
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