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Retinal Fluid Volatility Associated With Interval
Tolerance and Visual Outcomes in Diabetic
Macular Edema in the VISTA Phase III Trial
JUSTIS P. EHLERS, ATSURO UCHIDA, DURIYE DAMLA SEVGI, MING HU, KIM REED, ALYSON BERLINER,
ROBERT VITTI, KAREN CHU, AND SUNIL K. SRIVASTAVA
� PURPOSE: To describe longitudinal retinal fluid dy-
namics on spectral domain OCT and to identify imaging
biomarkers that predict the worsening of DMEwith inter-
val extension during anti-vascular endothelial growth fac-
tor (VEGF) therapy.
� DESIGN: A post hoc sub-analysis of phase III, VISTA-
DME study.
� METHODS: Eyes received either intravitreal aflibercept
injection 2 mg every 4 weeks (2q4) or every 8 weeks after
5 initial monthly injections (2q8), and eyes imaged with
the Cirrus HD-OCT system were included. The macular
cube was analyzed for 10 time-points from baseline
through week 100. Retinal OCT images were evaluated
using a novel software platform to extract retinal fluid fea-
tures for calculation of volumetric fluid parameters,
including the retinal fluid index (RFI): the percentage
of retinal volume that was occupied by intraretinal fluid.
� RESULTS: Fifty-five eyes were included in the 2q4
group, and 58 eyes were included in the 2q8 group. Early
RFI volatility with a central macular RFI increase by ‡5
points from week 4 to 8 (P[ .004, odds ratio [OR] 31.3,
95% confidence interval [CI] 3.0 to 329) and cumulative
RFI volatility with an aggregate increase in macular RFI
by ‡10 points from those timepoints with increased RFI
between baseline to week 20, P [ .005, OR 10.2, 95%
CI 2.1 to 51.3) were both significant predictors for the
worsening of DME and visual acuity when the treatment
interval was extended to 8 weeks in the 2q8 group.
� CONCLUSIONS: Early fluid dynamics as measured by
(1) early RFI volatility and (2) cumulative RFI instability
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D
IABETIC MACULAR EDEMA (DME) REMAINS THE

most common cause of vision loss in individuals
with diabetes. DME is characterized by the

blood-retina barrier’s breakdown with accumulation of
fluid and plasma components in the neurosensory retina.1

Over the last decade, the treatment of DME has evolved
dramatically; clinical trials have established the substantial
benefit of intravitreal antivascular endothelial growth fac-
tor (VEGF) agents in improving visual outcome and
reducing the macular thickness and the severity of diabetic
retinopathy in eyes with DME.2–4

One of the current challenges in DME management is
the significant variability that occurs in the treatment
from patient to patient of a given anti-VEGF agent.
Some eyes may tolerate significantly longer intervals in
which fewer injections are required to achieve or maintain
good vision.5 Personalized therapy minimizes overtreat-
ment, reduces the risk of endophthalmitis,6 and limits eco-
nomic burden.7 Meanwhile, some eyes respond poorly,
requiring 6 or more injections before any anatomical
improvement.8 This introduces the risk of persistent or
recurrent DME, leading to irreversible retinal damage
with a lost opportunity for visual recovery.9 Given this
high degree of individual variability, there is a clear need
for predictive tools and markers for projecting therapeutic
outcome and treatment durability following anti-VEGF
therapy. Baseline characteristics such as patients at a
younger age, eyes with less severe diabetic retinopathy,
and absence of surface wrinkling retinopathy have been
described as prognostic factors for a better visual improve-
ment.10 However, minimal data are available for predicting
the therapeutic interval. Studies have suggested that the
various treatment responses are at least partially due to
DME’s multifactorial pathology, and there may be early
important information related to treatment response in
the first few injections.11–15

Spectral-domain optical coherence tomography (SD-
OCT) provides noninvasive, rapid visualization of the
retinal microstructures and has become an indispensable
217LL RIGHTS RESERVED.
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tool for monitoring eyes with DME. Qualitative descriptors
have been used to describe the presence of retinal features
such as the integrity of the external limiting membrane or
ellipsoid zone (EZ) band and disorganization of retinal in-
ner layers (DRIL). These features may be surrogate bio-
markers for retinal health or damage and correlate with
visual function.16–27 Basic quantitative features such as
central subfield thickness (CST) are widely available as
surrogates for fluid severity but do not correlate well with
visual acuity. Recent advances in image analysis
techniques have enabled volumetric assessment of retinal
fluid metrics in eyes with DME.28,29 However, longitudinal
dynamics of retinal fluid features and prognostication for
recurrence or improvement of macular edema during
anti-VEGF therapy are not well established. Using A
unique software platform was used for retinal layer segmen-
tation in SD-OCT, which involved performing a post hoc
analysis of the VISTA-DME study to evaluate higher-order
OCT intraretinal fluid (IRF) and subretinal fluid (SRF) pa-
rameters.28 The primary objective of this study was to
explore higher-order OCT parameters obtained within
the loading phase of anti-VEGF therapy that would predict
interval extension intolerance during the management of
DME. A secondary objective was to examine the feasibility
of a prediction model for long-term intraretinal fluidics in
eyes with DME based on the early treatment response
and identify any visual acuity and anatomic patterns
related to retinal fluid resolution in responders and nonre-
sponders to anti-VEGF therapy.
METHODS

THE VISTA-DME STUDY WAS A DOUBLE-MASKED, RANDOM-

ized phase III clinical trial that investigated the efficacy
and safety of intravitreal aflibercept injection (IAI) and
compared it to laser photocoagulation in eyes with center
involving DME.4,30,31 The study was conducted in 54 sites
across the United States according to the principles
expressed in the Health Insurance Portability and
Accountability Act, the Declaration of Helsinki, and the
International Conference onHarmonization. Local institu-
tional review board approval was obtained at each partici-
pating institution, and all subjects provided written
informed consent prior to study enrollment. The primary
inclusion criteria were adults with type 1 or type 2 diabetes
presenting center-involving DME with best-corrected vi-
sual acuity (BCVA) in ETDRS (Early Treatment Diabetic
Retinopathy Study) letter score between 24 and 73 letters
(Snellen equivalent of 20 of 320 to 20/40) in the study eye.
Only 1 eye per subject was enrolled. Subjects were
randomly assigned to 1 of the following 3 treatment groups:
IAI, 2 mg every 4 week (2q4); IAI, 2 mg every 8 week after
the loading phase of 5 consecutive monthly injections
(2q8); or macular laser photocoagulation. From week 24
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(IAI: 2q4 and 2q8), groups received rescue treatment
with macular laser photocoagulation if pre-specified rescue
criteria were met.30

� PARTICIPANTS: In this post-hoc subanalysis of the
VISTA-DME study, subjects assigned to the IAI groups
that underwent SD-OCT with the Cirrus HD-OCT plat-
form (Zeiss, Oberkochen, Germany) were included. Sub-
jects assigned to the macular laser photocoagulation
group were excluded from this pilot study. Likewise, sub-
jects imaged using the Spectralis OCT (Heidelberg Engi-
neering, Heidelberg, Germany) were not assessed in the
analysis. The specific time points analyzed for this study
included week 0, 4, 8, 12, 16, 20, 24, 28, 52, and 100;
and subjects were excluded if eyes did not have macular
cube scans of sufficient quality for assessment at either
week 0, 4, 8, 12, 20, or 24. The full analysis set (ie, eyes
that had received study treatment and had at least 1 post-
baseline BCVA assessment) in the VISTA-DME study
included 154 eyes in the IAI 2q4 group and 151 eyes in
the IAI 2q8 group.30 Of these 305 eyes, 138 eyes were eval-
uated for retinal layer segmentation. Twenty-five eyes were
further excluded due to insufficient image quality of their
macular cube or unavailable time point at either week 0,
4, 8, 12, 20, or 24.

� SD-OCT IMAGE ANALYSIS: As part of the VISTA-DME
study, a macular cube consisting of 128 B-scans by 512 A-
scans covering a nominal 6 3 6-mm scan area centered
on the macula were obtained by using a Cirrus HD-OCT
unit (Zeiss, Oberkochen, Germany). SD-OCT data were
exported in Digital Imaging and Communications in Med-
icine (DICOM) format and transferred to a previously
described customized retinal layer segmentation tool devel-
oped at the Cleveland Clinic which provided semiauto-
mated segmentation of the internal limiting membrane,
EZ band, retinal pigment epithelium (RPE) band, IRF,
and SRF object extraction (Figure 1, A).16,32,33 All image
analysts completed training focused on fluid features and
retinal layer abnormalities for a standardized approach to
OCT segmentation corrections. Each eye’s scans were
analyzed by the same image analyst for each time point to
minimize variability for a single subject. Following the
initial assessment, a senior image analyst (project leader)
provided consistency assessment of every image frame
following initial segmentation by the image analysts for
quality assessment. EZ-RPE thickness was computed by
calculating the mean distance between the EZ and RPE
lines. En face and 3-dimensional retinal fluid maps were
generated to visualize regional fluid accumulation
(Figure 1, B). The central subfield and central macula
were defined as the inner concentric circles of 0.5 mm
and 1.0 mm radii from the fovea (corresponding to inner
and outer circles, respectively, on the en face map).
‘‘Actual’’ retinal tissue thickness or volume parameters
were defined as the true retinal tissue thickness or volume
APRIL 2021OPHTHALMOLOGY



FIGURE 1. Exemplary OCT images with segmented retinal fluid in eyes with diabetic macular edema, en face retinal fluid mapping,
and EZ mapping. (A) Horizontal B-scan crossing the central fovea displaying semiautomatically segmented visually discernable fluid
and retinal layer boundaries. Intraretinal fluid within the central macula (an area filled in blue), subretinal fluid (an area filled in
green), the internal limiting membrane (blue line), EZ band (yellow line), and RPE (turquoise line) are displayed. Each boundary
was reviewed by experienced reviewers, and segmentation errors were carefully corrected manually. (B) En face retinal fluid mapping
demonstrating intraretinal fluid (an area filled in blue) and subretinal fluid (an area filled in green) in the central macular zone (i.e.,
central 2-mm). (C) En face retinal thickness mapping. (D) En face EZ mapping illustrating the topographical thickness between EZ
band and RPE. (E) Actual retinal tissue thickness/volume parameters defined as the true retinal tissue thickness/volume by means of
excluding cystic intraretinal fluid and subretinal fluid space. This represents residual retinal tissue and any associated diffuse thick-
ening of retinal tissue. EZ [ ellipsoid zone; OCT [ optical coherence tomography; RPE [ retinal pigment epithelium.
by means of excluding cystic IRF and SRF spaces (Figure 1,
C). The retinal fluid index (RFI) was defined as the
following: [RFI ¼ 100 3 IRF volume/(total retinal
volume� SRF volume)] (Supplemental Figure). RFI repre-
sents a relative amount of IRF volume relative to the retinal
volume in a designated area (eg, central macula) in
percentage.

� DEFINITION OF REBOUNDER AND RETINAL FLUID IN-
DEX VOLATILITY: Week 24 was the visit corresponding
to the first 8-week challenge where the interval was
extended from 4 to 8 week in the 2q8 group. Anatomical
worsening of DME from week 20 to 24 was defined as an in-
crease in central macular RFI by >_5 points (ie, the differ-
ence in percentage), and eyes that fulfilled this criterion
were specifically termed ‘‘rebounders’’; the threshold of
‘‘>_5 points’’ was set based on the comparative assessment
in central macular RFI in the 2q4 and 2q8 groups during
this period (Figure 2). Early RFI volatility was defined as
an increase in central macular RFI by >_5 points from
week 4 to 8. Cumulative RFI volatility was defined as an in-
crease of >_10 points of RFI during the loading phase (from
baseline to week 20). This was determined by the sum of
any RFI increases at any of those time points without any
VOL. 224 RETINAL FLUID VOLATILITY A
consideration of any RFI decreases and pattern of RFI
changes. The following are examples of cumulative RFI
volatility:

� Patient A changes in RFI at each time point through
week 20 ¼ �10, �5, þ7, þ2, �2 (total RFI
increase þ 9; not considered cumulative RFI
volatility);

� Patient B: �1, �1, �1, �1, þ10 (total RFI
increase þ10; considered cumulative RFI volatility);

� Patient C: �15, þ9, �16, þ6, �5 (total RFI
increase þ15; considered cumulative RFI volatility);

� Patient D: þ1, þ2, þ2, þ2, þ1 (total RFI
increase þ8; not considered cumulative RFI
volatility).
� CLASSIFICATION BASED ON EARLY TREATMENT
RESPONSE: Eyes were divided into 3 subgroups based on
early treatment response in the central macular RFI at
week 4, 8, and 12. Eyes were classified as ‘‘early responders’’
if the central macular RFI was<10% at both week 4 and 8.
The remaining eyes were classified as either ‘‘delayed re-
sponders’’ if central subfield RFI was <20% at week 12 or
219ND INTERVAL TOLERANCE



FIGURE 2. Waterfall plot shows the changes in the central macular RFI from week 20 to 24 in the 2q4 and 2q8 groups. The eyes
with an increase in RFI ‡5 points from week 20 to 24 were defined as ‘‘rebounders,’’ shown in red. Of all eyes, the percentage of
rebounders was 2.5% (2 of 55) in the 2q4 group and 17% (10 of 58) in the 2q8 group. This difference can be theoretically attributed
to the extended treatment interval of 8 week in the 2q8 group. Fromweek 20 to 24, the rebounders in the 2q8 group lost a mean of 4.9
± 5.4 ETDRS letters with a mean increase in central macular RFI by 11.1 ± 4.9 points. ETDRS [ Early Treatment Diabetic Reti-
nopathy Study; RFI [ retinal fluid index.
‘‘indeterminate responders’’ if the central macular RFI was
>_20% at week 12. These thresholds were set based on
exploratory cluster analysis in which all study eyes were
separated into 3 clusters using the K-means clustering
method (variables included the central macular RFI at
week 4 and 8). By observing the patterns of RFI changes
in each cluster, the authors set the thresholds (<10% at
both week 4 and 8 and >_20% at week 12) with the inten-
tion of potentially replicating the results of the cluster
analysis.

� STATISTICAL ANALYSIS: All statistical analyses were
performed using R version 3.4.1 software (R Project for Sta-
tistical Computing; www.r-project.org). Data missing due
to unavailable time points at week 16, 28, 52, and 100
were excluded from the analysis and were not imputed us-
ing the last observation-carried-forward method. The
assumption that data were normally distributed was verified
by applying the Shapiro-Wilk W-test. Continuous vari-
ables were analyzed with the parametric Student t-test.
One-way analysis of variance models with post hoc Bonfer-
roni multiple comparison procedures was also used to
compare age, HbA1c concentrations, blood pressure,
BCVA, and OCT measurements. Categorical variables
were analyzed using the x2 test or Fisher exact test. Corre-
lation analysis was performed using the parametric Pearson
correlation test. Data are presented as mean6 standard de-
viation. All P values were 2-sided, and a P value <.05 was
considered statistically significant.
220 AMERICAN JOURNAL OF
RESULTS

A TOTAL OF 113 EYES OF 113 SUBJECTS WERE INCLUDED. SPE-

cifically, 55 eyes of 55 subjects were included in the 2q4
group, and 58 eyes of 58 subjects were included in the
2q8 group. Baseline characteristics of subjects are presented
in Table 1. The mean age (years) at baseline was 62.3 6
12.3 (range: 26-87 years old) in the 2q4 group and 64.3
6 8.8 (range: 33-81 years old) in the 2q8 group. The cen-
tral macular RFI at baseline was 16.7 6 11.0% and 20.46
12.3% in the 2q4 and 2q8 group, respectively. The CST at
baseline was 4336 159 mm and 4656 134 mm in the 2q4
and 2q8 groups, respectively. The mean BCVA (ETDRS
letters) at baseline was 58.1 6 11.9 (Snellen equivalent
20/80) in the 2q4 group and 59.0 6 11.4 (Snellen equiva-
lent 20/63) in the 2q8 group.

� INTRARETINAL FLUID REBOUNDWITHTREATMENT IN-
TERVAL EXTENSION: The first 8-week challenge
occurred at week 24 in the 2q8 group. Changes in cen-
tral macular RFI from week 20 to 24 in all study eyes are
presented in a waterfall plot (Figure 2). In the 2q8 group,
10 of 58 eyes (17%) were identified as rebounders and
did not tolerate the first 8-week challenge. Those eyes
initially gained 10.2 6 4.9 ETDRS letters of vision
from baseline to week 20 and then lost 4.9 6 5.4
ETDRS letters of vision with a mean increase in central
macular RFI of 11.1 6 4.9 points during the first 8-week
challenge. The remaining 48 eyes (defined as
APRIL 2021OPHTHALMOLOGY
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TABLE 1. Baseline Characteristics of Subjects

Treatment Group IAI 2q4 IAI 2q8 All IAI

Number of eyes 55 58 113

Mean 6 SD age, y 62.3 6 12.3 64.3 6 8.8 63.3 6 10.6

Females 27 (49) 34 (59) 61 (54)

Mean 6 SD HbA1c % 7.8 6 1.8 7.7 6 1.3 7.7 6 1.6

Mean 6 SD diastolic blood pressure, mm

Hg

75.7 6 8.4 75.4 6 9.4 75.5 6 8.9

Mean6 SD systolic blood pressure, mmHg 135.6 6 15.6 135.6 6 15.4 135.6 6 15.5

Mean 6 SD BCVA, ETDRS letters 58.1 6 11.9 59.0 6 11.4 58.6 6 11.6

Mean 6 SD central macular RFI, % 16.7 6 11.0 20.4 6 12.3 18.6 6 11.8

Mean 6 SD CST, mm 433 6 159 465 6 134 450 6 147

BCVA ¼ best-corrected visual acuity; CST ¼ central subfield thickness; ETDRS ¼ Early Treatment Diabetic Retinopathy Study; IAI ¼ intra-

vitreal aflibercept injection; RFI ¼ retinal fluid index.

Table values are n (%) or mean 6 SD. The central macula is equivalent to a distance of 1.0 mm from the fovea (outer circle on en face

mapping).
‘‘nonrebounders’’) gained 11.1 6 6.6 ETDRS letters of
vision from baseline to week 20, demonstrated stability
of visual acuity (0.0 6 4.0 ETDRS letters of vision)
and a mean decrease in central macular RFI of 0.73 6
2.4 points during the initial 8-week challenge (P ¼
.002 and P <.001, respectively).

� EARLY RETINAL FLUID INDEX VOLATILITY: Assessment
of longitudinal central macular RFI in eyes with rebounders
and nonrebounders (Figure 3) demonstrated a noticeable
increase in central macular RFI from week 4 to 8 in the re-
bounders of the 2q8 group (Figure 4, A). Of eyes that
demonstrated early RFI volatility based on an increase in
central macular RFI by >_5 points from week 4 to 8, 80%
were ultimately rebounders, which was significantly higher
than those eyes without early RFI volatility (80% vs. 13%,
respectively; P¼ .002). Eyes with early RFI volatility had a
31.3-fold chance of intolerance of interval extension (P ¼
.004; odds ratio [OR]: 31.3; 95% confidence interval [CI]:
3.0 to 329) compared to eyes with RFI stability or improve-
ment between week 4 and 8.

� CUMULATIVE RETINAL FLUID INDEX VOLATILITY: In
addition, 56% of eyes in the 2q8 group that exhibited cu-
mulative RFI volatility (defined as a >_10-point of RFI in-
crease between all time points between baseline and
week 20) became rebounders, compared to only 11% of
the eyes without similar cumulative RFI increases (P ¼
.006) (Figure 4, B). Eyes that demonstrated cumulative
RFI volatility from baseline to week 20 exhibited a 10.2-
fold chance of becoming rebounders (P ¼ .005; OR: 10.2;
95% CI: 2.1 to 51.3).

� LONGITUDINAL FLUID OUTCOMES AND PREDICTIVE
ASSESSMENT OF OUTCOMES AT WEEKS 52 AND 100: Sixty
of 113 eyes (53%) were classified as early responders, 34
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of 113 eyes (30%) were delayed responders, and 19 of
113 eyes (17%) were indeterminate responders (Table 2).
The proportion of eyes that achieved a central macular
RFI <10% at weeks 52 and 100 was 52 of 53 (98%) and
46 of 49 (94%) in the early responders; 25 of 32 (78%)
and 24 of 27 (89%) in the delayed responders; and 5 of
17 (29%) and 4 of 17 (24%) in the indeterminate re-
sponders (both P < .001). Of the 58 eyes in the 2q8 group,
the proportions of rebounders in the early responders,
delayed responders, and indeterminate responders were 4
of 31 (13%), 2 of 18 (11%), and 4 of 9 (44%), respectively
(P ¼ .062).
Longitudinal changes in CST by components are shown

in Figure 5 (actual retinal tissue thicknesses are shown at
the bottom in gray; IRF is shown in the middle in light pur-
ple, and SRF is shown at the top in dark purple). In the
early responders, all the components were dramatically
reduced from baseline to week 4, and those changes were
well sustained until weeks 52 and 100. In the delayed re-
sponders, there was a slower reduction in IRF and actual
retinal tissue thickness compared with the early responders.
The indeterminate responders represented eyes with late or
nonresponses to IAI that exhibited the highest central
macular RFI throughout the follow-up; gradual improve-
ment in actual retinal tissue thickness occurred more
rapidly than that of the delayed responders. However, there
was no decrease in IRF from baseline to week 8; and after a
steady decrease fromweek 8 to 20, IRF persisted until weeks
52 and 100, particularly in the 2q4 group.
Overall, IAI was successful in reducing actual central

subfield retinal tissue thickness (in micrometers). In the
long-term follow-up, there were no differences among the
early responders, the delayed responders, and the indeter-
minate responders at baseline (297 6 62, 302 6 70, and
283 6 62, respectively; P ¼ .59) or week 100 (227 6 38,
224 6 29, and 218 6 44, respectively; P ¼ .67), although
221ND INTERVAL TOLERANCE



FIGURE 3. Comparison of the central macular RFIs between
rebounders and nonrebounders. The rebounders in the 2q8
group exhibited a significant increase in central macular RFI
from week 4 to 8 and noticeable volatility in central macular
RFI from baseline to week 20 compared with nonrebounders.
RFI [ retinal fluid index.
there was a difference during the follow-up, for instance, at
week 12 (2366 40, 2636 53, and 2316 47, respectively;
P¼ .012). At baseline, SRF that existed within central sub-
field was most frequently present in the early responders
with 22 of 60 (37%) compared with 5 of 34 (15%) in the
delayed responders and 4 of 19 (21%) in the indeterminate
responders (P ¼ .057). Central subfield SRF volume was
rapidly reduced with IAI treatment, 23 of 31 eyes (74%)
achieved complete resolution of SRF (within the central
subfield) by week 12.

� FLUID-STRATIFIED VISION OUTCOME AT WEEK
100: The BCVA (ETDRS letters) at week 100 in the early
responders, delayed responders, and indeterminate re-
sponders was 73.4 6 12.2 (Snellen equivalent 20/40),
71.8 6 10.7 (Snellen equivalent 20/40), and 66.8 6 8.9
(Snellen equivalent 20/50), respectively (P ¼ .118). The
proportion of eyes that achieved very good BCVA (>_79
ETDRS letters, Snellen equivalent >_20/25) at week 100
was higher in the early responders with 43% (21 of 49)
than the delayed responders with 6 of 27 (22%), and the
indeterminate responders with 2 of 17 (12%), respectively
(P¼ .033). The mean visual gains (in ETDRS letters) from
baseline to week 100 in the early responders, delayed re-
sponders, and indeterminate responders were 12.9 6 8.8,
13.56 11.6, and 13.36 9.9, respectively (P ¼ .96), which
were comparable among 3 subgroups.

� CORRELATION BETWEEN CENTRAL MACULAR RFI AT
BASELINE AND RETINAL PARAMETERS AT WEEK 100: As
shown in Figure 6, central macular RFI at baseline was
negatively correlated with actual central subfield retinal
222 AMERICAN JOURNAL OF
tissue thickness at week 100 (r ¼ �0.307; P ¼ .028) and
mean central subfield EZ-RPE thickness at week 100
(r ¼ �0.377; P < .001). In addition, baseline central mac-
ular RFI was negatively correlated with BCVA at week 100
(r ¼ �0.319; P ¼ .002), and eyes with central macular RFI
<20% at baseline had a significantly higher chance of
achieving very good BCVA of >_79 ETDRS letters at
week 100 than the remaining eyes (P ¼ .001; OR: 6.1;
95% CI: 1.8 to 27).
DISCUSSION

THIS STUDY IDENTIFIED 2 RISK FACTORS ASSOCIATED WITH

the rebounder group that demonstrated the following intol-
erance for interval extension to 8 weeks with worsening of
DME: 1) early RFI volatility (ie, an increase in central mac-
ular RFI by >_5 points from week 4 to 8 (OR: 31.3; P ¼
.004)); and 2) cumulative RFI volatility (ie, >_10 points of
RFI increase between all time points from baseline to
week 20 determined by the sum of any RFI increases
(OR: 10.2; P ¼ .005)). The underlying pathogenesis for
these findings and their association with systemic risk fac-
tors remains uncertain. It is possible that these risk factors
and anatomic factors represent an upregulation of proin-
flammatory cytokines that modulate vascular permeability
following anti-VEGF therapy due to a compensatory
response to VEGF inhibition or possibly a very high
VEGF burden.34 Available evidence supports the notion
that DME develops primarily from a permeability-driven
disease responsive to anti-VEGF therapy and may transi-
tion to a multifactorial and inflammation-driven disease
less responsive to anti-VEGF therapy.11 In select eyes,
DME was observed to recur, whereas intraocular VEGF
levels remained low following intravitreal bevacizumab in-
jection, indicating the involvement of other cytokines.35

Several cytokines involved in vascular permeability such
as interleukin-6 (IL-6), IL-8, monocyte chemoattractant
protein-1, and angiopoietin-2 are elevated in intraocular
fluids in eyes with DME.35–38 In particular, the
intraocular level of IL-8, a proinflammatory cytokine that
induces the accumulation of neutrophils along the vascular
wall and increases vascular permeability,39 has been corre-
lated with the responsiveness to anti-VEGF therapy in eyes
with DME.37Whether IL-8 is involved in the rebounders or
delayed responders in the present study is unknown.
Further investigation is needed to elucidate the mechanism
behind the correlations that were observed and to validate
whether the 2 risk factors are applicable beyond week 24 in
the 2q8 group.
In this report, a classification based on the anatomic

response by means of RFI rather than visual acuity response
was selected, given that real-world clinical decision making
is most frequently dependent on OCT changes. In eyes
with DME, the initial visual acuity is the most reliable
APRIL 2021OPHTHALMOLOGY



FIGURE 4. Impact of RFI volatility on tolerance of interval extension. (A) Early RFI volatility. eyes with an increase of more than 5
points in central macular RFI from week 4 to 8 were included in the early RFI volatility group, and eyes with a decrease or an increase
less than 5 points in RFI were included in early RFI persistent improvement group. Fluid rebound was noted in 80% of early RFI
volatility group compared to 13% of early RFI persistent improvement group (P [ .002). (B) Cumulative RFI volatility. Eyes
with a cumulative increase in central macular RFI by ‡10 points during visits demonstrating increased RFI from baseline to week
20 were included in cumulative RFI volatility group and demonstrated rebound in 56% of eyes compared to 11% in the remaining
eyes (P [ .006). RFI [ retinal fluid index
predictor for the final visual acuity following anti-VEGF
therapy,23,40 reflecting the fact that nonspecific central
subfield thickness itself has a limited role in predicting vi-
sual acuity and initial presence of retinal atrophy such as
DRIL or photoreceptor damage pose greater impact on final
visual acuity.23–27 However, this does not preclude the
importance of RFI because retinal neural injury due to
the marked retinal swelling set the stage for later retinal
manifestations that threaten visual acuity. Hence, this
report focused on exploring the predictors of IRF
outcomes and worsening of macular edema that occurs
with extended treatment interval in the 2q8 group.

There are multiple potential benefits to using the RFI
metric in the management of DME. First, the proposed
classification, using RFI, provides an estimation of long-
term anatomical outcome during anti-VEGF therapy.
Second, the use of RFI may allow physicians to set a spe-
cific treatment target or retreatment criteria that can be
shared with the patient. Early responders in this analysis
study have a slightly different definition from responders
in previous studies that defined eyes that achieved 10%
to 20% reduction in CST from baseline.12–14 Because
the baseline CST is a significant determinant of
potential anatomical improvement in DME (referred to
as the ‘‘floor effect’’), responders by conventional
definition comprise a subgroup of eyes with greater
baseline CST, and eyes may be more likely to achieve
greater gain of visual acuity. One limitation of this
definition is that eyes with marked retinal swelling at
baseline will fulfill the definition of responders, even if
post-injection CST is far from ideal (eg, change in CST
from 700 to 500 mm) and is not a sufficient clinical
response. Interestingly, in this analysis, early responders
VOL. 224 RETINAL FLUID VOLATILITY A
were often made up of eyes with thinner baseline CST
that were likely to achieve greater final visual acuity.
RFI and EZ integrity metrics have been correlated with
visual acuity and are potential biomarkers of functional
outcomes.28 2q4 and 2q8 IAI resulted in longitudinal
improvement of both EZ integrity and RFI. Future
research should also examine the impact of fluid volatility
on EZ recovery and integrity in DME. In this study, base-
line central macular RFI was negatively correlated with
actual central subfield retinal tissue thickness at week
100 and central subfield EZ-RPE thickness at week 100
(Figure 6, A and B), suggesting that eyes with high RFI
at baseline were inclined to eventually develop retinal at-
rophy or irreversible photoreceptor loss or both. It is
possible that greater central macular RFI (eg, >_20%) is
more likely to cause permanent retinal damage if left un-
treated. Supporting this hypothesis, central macular RFI
at baseline was negatively correlated with visual acuity
at week 100 (Figure 6, C), and eyes with central macular
RFI <20% at baseline had a 6.1-fold increased chance of
achieving very good BCVA of >_79 ETDRS letters at week
100 compared with the remaining eyes. It is possible that
maintaining relatively low RFI (eg, central macular RFI
<10%) throughout the follow-up is a necessary condition
to minimize chronic retinal damage or atrophy and have
the best chance of achieving very good visual acuity in
the long-term follow-up.
The quantitative assessment of IRF/SRF volume allowed

an evaluation of actual retinal tissue (ie, without fluid)
thickness or volume parameters that may account for
diffuse thickening of the retinal tissue, as shown in
Figure 5. Intraretinal fluid represents fluid accumulated in
extracellular space, mostly in the inner nuclear layer and
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TABLE 2. Classification Based on the Treatment Response in the Central Macular Retinal Fluid Index From Week 4 to 12

Classification Based On Treatment Response Early Responders Delayed Responders Indeterminate Responders P

Baseline (week 0)

Number of eyes 60 34 19

Mean 6 SD age, y 62.1 6 11.3 64.4 6 9.7 65.1 6 10.2 .45

Females 31 (52) 19 (56) 11 (58) .86

Mean 6 SD HbA1c, % 7.7 6 1.6 7.6 6 1.5 7.9 6 1.6 .88

Mean6 SD diastolic blood pressure, mm

Hg

76.1 6 9.0 75.4 6 10.0 74.1 6 6.5 .71

Mean 6 SD systolic blood pressure, mm

Hg

135.6 6 16.0 136.8 6 14.9 133.4 6 15.3 .74

Central macular RFI, 14.0 6 11.1b,c 21.4 6 7.8a 28.4 6 12.9a < .001

<5 13 (22)b,c 0a 0a .002

<10 24 (40)b,c 1 (3)a 0a < .001

Mean 6 SD CST, mm 417 6 159c 470 6 95 516 6 162a .023

<300 15 (25)b,c 0a 0a < .001

<400 35 (58)b,c 8 (24)a 5 (26)a .001

Mean 6 SD BCVA, ETDRS letters 59.9 6 11.2c 59.7 6 11.3 52.3 6 12.0a .034

Week 20 to 24

Change in central macular RFI, points 0.0 6 3.9 0.1 6 5.0 -1.8 6 12.9 .51

>_5 4 (6.7) 3 (8.8) 5 (26) .056

Week 52

Number of eyes 53 32 17

Central macular RFI, % 2.1 6 2.5b,c 6.1 6 6.2a,c 18.1 6 10.6a,b < .001

<5 45 (85)c 21 (66)c 2 (12)a,b < .001

<10 52 (98)b,c 25 (78)a,c 5 (29)a,b < .001

Mean 6 SD CST, mm 238 6 43b,c 280 6 72a 324 6 102a < .001

<300 mm 48 (91)c 25 (78)c 6 (35)a,b < .001

<400 mm 53 (100)c 29 (91) 13 (77)a < .001

Mean 6 SD BCVA, ETDRS letters 69.3 6 15.1 71.9 6 9.9 63.4 6 11.8 .10

>_79 letters 15 (28) 10 (31) 2 (12) .31

Gain from baseline, ETDRS letters 10.3 6 11.1 12.4 6 8.6 10.5 6 6.6 .62

>_15 letters gain from baseline 16 (30) 12 (38) 6 (35) .77

Week 100

Number of eyes 49 27 17

Mean 6 SD Central macular RFI, % 2.6 6 4.1c 4.9 6 6.3c 17.3 6 15.6a,b < .001

<5% 41 (84)c 17 (63)c 3 (18)a,b < .001

<10% 46 (94)c 24 (89)c 4 (24)a,b < .001

Mean 6 SD CST, mm 239 6 45c 252 6 57c 337 6 148a,b < .001

<300 mm 44 (90)c 22 (82) 8 (47)a < .001

<400 mm 49 (100)c 27 (100) 13 (77)a < .001

BCVA, ETDRS letters 73.4 6 12.2 71.8 6 10.7 66.8 6 8.9 .12

>_79 letters 21 (43) 6 (22) 2 (12) .033

Gain from baseline, ETDRS letters 12.9 6 8.8 13.5 6 11.6 13.3 6 9.9 .96

>_15 letters gain from baseline 17 (35) 10 (37) 8 (47) .66

BCVA ¼ best-corrected visual acuity; CST ¼ central subfield thickness; ETDRS ¼ Early Treatment Diabetic Retinopathy Study; IAI ¼ intra-

vitreal aflibercept injection; RFI ¼ retinal fluid index.

Table values are n, n (%), or mean 6 SD. The central macula is equivalent to a distance of 1.0 mm from the fovea (outer circle on en face

mapping).
aSignificantly different (P < .05) from early responders.
bSignificantly different (P < .05) from delayed responders.
cSignificantly different (P < .05) from indeterminate responders.
the outer plexiform layer, whereas diffuse thickening of
retinal tissue represents the intracellular fluid due to
swelling of the glial cells.41,42 The RFI response within
224 AMERICAN JOURNAL OF
week 12 following 3 consecutive IAI was positively associ-
ated with 2-year anatomical outcomes. Overall, eyes in the
early responders and delayed responders achieved favorable
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FIGURE 6. Correlation between central macular RFI at baseline and selected OCTmetrics at week 100. (A, B) Central macular RFI
at baseline was negatively correlated with actual central subfield retinal tissue thickness at week 100 (r[L0.307; P[ .028) (A),
and central subfield ellipsoid zone to retinal pigment epithelium thickness at week 100 (r [ L0.377; P < .001) (B). (C) Central
macular RFI at baseline was negatively correlated with best-corrected visual acuity at week 100 (r[L0.319; P[ .002). OCT[
optical coherence tomography; RFI [ retinal fluid index.

FIGURE 5. Longitudinal changes in central subfield thickness by components. Actual retinal tissue thickness is shown at the bottom
(gray), intraretinal fluid is shown in the middle (light purple) and subretinal fluid at the top (dark purple).
anatomical and visual outcomes with IAI treatment. How-
ever, consistent with previous studies, a suboptimal
response at weeks 4, 8, and 12 did not preclude further
meaningful IRF improvement from occurring in many
eyes in the delayed responders and indeterminate re-
sponders.12 Of note, actual retinal tissue thickness at
week 100 was comparable among early responders, delayed
responders, and unpredictable, which indicates that VEGF
therapy was effective for improving the diffuse retinal
thickening in almost all eyes.
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This study has several important limitations that should
be noted. The study represents a post hoc exploratory suba-
nalysis with a smaller sample size than the original study.
The results should be confirmed using larger prospective
datasets. Expansion and validation of these findings on
the entire VISTA dataset is ongoing, in addition to inde-
pendent prospective datasets. With regard to the technical
specifications of the OCT retinal layer segmentation tool,
retinal thickness or volume may be slightly overestimated
because retinal thickness was measured along A-scans (ie,
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parallel to the vertical axis of B-scans) and not perpendic-
ular to the retinal surface or RPE.33,43 In select cases, a
shadowing effect due to substantial retinal swelling and
lipid deposition also creates a challenge for precision assess-
ment of exact fluid metrics. Moreover, as in select images,
speckle noise can degrade the OCT image quality,
confounding small foci IRF.44 Opportunities for improved
assessments include multiple-frame averaging, which may
be enabled with multiple-frame averaging. Future opportu-
nities for additional analysis will include the incorporation
of other biomarkers and variables such as DRIL, hyperre-
flective foci, signal intensity within the retinal fluid, intra-
retinal lipid exudates, and the duration of DME with an
upscaled number of eyes imaged using the Spectralis
OCT in the VISTA-DME study, which may allow identi-
fying superior prognostic imaging biomarkers and generate
a better prediction model for visual and anatomical
outcome. Although RFI and CST are clinically related,
previous work has demonstrated that RFI is more closely
linked with visual function.28 Future research will compare
the potential for fluid rebound prediction in RFI measures
compared to CST measurements. There are also important
strengths of this study including the prospective random-
ized design of the VISTA-DME study with a uniform treat-
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ment regimen, long-term follow-up with 10 time points,
and masked examiners.
The present study identified 2 novel metrics that may

serve as potential imaging biomarkers for treatment inter-
val extension: 1) early RFI volatility between weeks 4 and
8; and 2) cumulative RFI volatility. These factors were in-
dependent of baseline CST. Eyes with these risk factors
may be regarded as poor candidates for extending treat-
ment interval with a higher risk of losing vision between
the injections and may provide a unique opportunity for
patient education and prognostication. In addition, iden-
tifying these at-risk eyes may facilitate clinical trial
enrichment for emerging molecules and therapeutics.
Further validation and enhanced automation of calcu-
lating this imaging biomarker may provide an important
opportunity for use in a clinical trial and potentially
deployment to clinical care. This study also successfully
classified study eyes based on the treatment response in
central macular RFI. According to this definition, roughly
1 in 2 eyes was classified as an early responder, and of
those, 94% of eyes achieved central macular RFI <10%,
and 43% achieved very good BCVA at week 100. Eyes
in this category may be candidates for early treatment in-
terval extension.
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