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Predominantly Persistent Intraretinal Fluid in the Comparison of
Age-related Macular Degeneration Treatments Trials

Jason Q. Core, BS®, Maxwell Pistilli, PhD2, Peiying Hua, MS2, Ebenezer Daniel, MBBS,
PhD2, Juan E. Grunwald, MD?2, Cynthia A. Toth, MD3, Glenn J. Jaffe, MD3, Daniel F. Martin,
MD#4, Maureen G. Maguire, PhD2, Gui-Shuang Ying, PhD? Comparison of Age-related
Macular Degeneration Treatments Trials (CATT) Research Group

1Sidney Kimmel Medical College, Thomas Jefferson University, Philadelphia, Pennsylvania

2Department of Ophthalmology, Perelman School of Medicine, University of Pennsylvania,
Philadelphia, Pennsylvania

3Department of Ophthalmology, Duke University, Durham, North Carolina

4Cole Eye Institute, Cleveland Clinic, Cleveland, Ohio

Abstract

Purpose: To describe predominantly persistent intraretinal fluid (PP-IRF) and its association
with visual acuity (VA) and retinal anatomic findings at long-term follow-up in eyes treated with
pro re nata (PRN) ranibizumab or bevacizumab for neovascular age-related macular degeneration.

Design: Cohort within a randomized clinical trial.

Participants: Participants in the Comparison of Age-related Macular Degeneration Treatments
Trials (CATT) assigned to PRN treatment.

Methods: The presence of intraretinal fluid (IRF) on OCT scans was assessed at baseline and
monthly follow-up visits by Duke OCT Reading Center. Predominantly persistent intraretinal fluid
through week 12, year 1, and year 2 was defined as the presence of IRF at the baseline and in >
80% of follow-up visits. Among eyes with baseline IRF, the mean VA scores (letters) and changes
from the baseline were compared between eyes with and those without PP-IRF. Adjusted mean
VA scores and changes from the baseline were also calculated using the linear regression analysis
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to account for baseline patient features identified as predictors of VA in previous CATT studies.
Furthermore, outcomes were adjusted for concomitant predominantly persistent subretinal fluid.

Main Outcome Measures: Predominantly persistent intraretinal fluid through week 12, year 1,
and year 2; VA score and VA change; and scar development at year 2.

Results: Among 363 eyes with baseline IRF, 108 (29.8%) had PP-IRF through year 1 and 95
(26.1%) had PP-IRF through year 2. When eyes with PP-IRF through year 1 were compared with
those without PP-IRF, the mean 1-year VA score was 62.4 and 68.5, respectively (= 0.002), and
was 65.0 and 67.4, respectively (P = 0.13), after adjustment. Predominantly persistent intraretinal
fluid through year 2 was associated with worse adjusted 1-year mean VA scores (64.8 vs. 69.2; P
=0.006) and change (4.3 vs. 8.1; £=10.01) as well as worse adjusted 2-year mean VA scores (63.0
vs. 68.3; P=0.004) and changes (2.4 vs. 7.1; P=0.009). Predominantly persistent intraretinal
fluid through year 2 was associated with a higher 2-year risk of scar development (adjusted hazard
ratio = 1.49; P=0.03).

Conclusions: Approximately one quarter of eyes had PP-IRF through year 2. Predominantly
persistent intraretinal fluid through year 1 was associated with worse long-term VA, but the
relationship disappeared after adjustment for baseline predictors of VA. Predominantly persistent
intraretinal fluid through year 2 was independently associated with worse long-term VA and scar
development.

Keywords

Anti-VEGF; Choroidal neovascularization; Intraretinal fluid; Persistent; Visual acuity

Randomized clinical trials have demonstrated that intravitreal injections of anti-VEGF
agents improve visual acuity (VA) and control the growth and exudation of neovascular
lesions. As such, these treatments have been established as the gold standard for the
treatment of neovascular age-related macular degeneration (NAMD).12 Intraretinal fluid
(IRF), subretinal fluid (SRF), and subretinal pigment epithelium (sub-RPE) fluid are caused
by leakage from immature blood vessels into the retinal tissue and indicate ongoing
neovascular activity.3 The presence of retinal fluid detected using OCT is commonly
considered an indication for additional anti-VEGF treatment in as-needed (pro re nata
[PRN]) and treat-and-extend regimens.*

Among the types of retinal fluid, IRF has been most consistently associated with poor VA
and morphologic outcomes.>~11 Based on data from the Comparison of Age-related Macular
Degeneration Treatments Trials (CATT), we previously reported that IRF was present cross-
sectionally at the year 2 visit in 35% to 48% of eyes receiving monthly ranibizumab or
bevacizumab and 45% to 60% of eyes receiving PRN treatment and was associated with
worse VA scores at year 2.8 In the VEGF Trap-Eye: Investigation of Efficacy and Safety

in Wet AMD (VIEW 2) trial, which investigated the treatment of NAMD with aflibercept,
the presence of intraretinal cysts (IRCs) at 12 weeks was associated with lower VA scores
at all follow-up visits up to 2 years among patients with IRCs at baseline.® Retrospective
analyses of nAMD patient registries have suggested that a high burden of the presence of
IRF over months to years—termed as persistent IRF—results in a worse visual prognosis
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and predisposes patients to atrophy and scar development, but these studies did not include a
comparison group in which baseline IRF resolved.1?

In this post hoc analysis of eyes with baseline IRF that were randomized to receive
ranibizumab or bevacizumab administered PRN in CATT, we evaluated the long-term
functional and anatomic consequences of the persistence of IRF by comparing the visual
and morphologic outcomes of eyes with predominantly persistent intraretinal fluid (PP-IRF)
with those of eyes with nonpersistent IRF.

The present study was a secondary analysis of eyes enrolled in CATT. Full descriptions
of the design and methods of CATT are available in previous publications3:913 and at
http://www.clinicaltrials.gov (identifier NCT00593450). The CATT study was conducted
in accordance with the tenets of the Declaration of Helsinki and the Health Insurance
Portability and Accountability Act. The institutional review boards of the clinical centers
participating in CATT approved the study protocol, and written informed consent was
obtained from all patients.

We used the term macular atrophy (MA) in this study to refer to retinal pigment
epithelium (RPE) and choriocapillaris atrophy, described as geographic atrophy in
previous CATT reports.?10 We used the term macular neovascularization (MNV) to

refer to neovascularization associated with nAMD, which was previously called choroidal
neovascularization in CATT, to account for type 3 neovascular lesions that originate from
retinal vessels rather than the choroid.14

Patient Selection and Treatment

The enrollment criteria for CATT included an age of = 50 years; the presence of previously
untreated, active MNV secondary to nAMD in the study eye; a VA of 20/25 to 20/320
ETDRS letters; and the absence of MA at the foveal center. Active MNV was characterized
by the presence of leakage detected using fluorescein angiography and by the presence

of IRF, SRF, or sub-RPE fluid detected using time-domain OCT (TD-OCT). The patients
were randomized at enrollment to receive either 0.50 mg of ranibizumab or 1.25 mg of
bevacizumab monthly or on a PRN treatment schedule. Patients in the PRN treatment

arm were assessed at monthly intervals for the presence of fluid using OCT and other

signs of MNV lesion activity to determine whether additional anti-VEGF injections were
indicated. Patients in the monthly treatment arm underwent OCT less frequently, precluding
a detailed longitudinal analysis of persistent fluid. As a result, this study included only
patients assigned to the PRN dosing schedule for the identification and evaluation of the
effects of PP-IRF. As part of the PRN dosing schedule, the anti-VEGF study drug was given
at any monthly follow-up visit when the treating ophthalmologist detected macular IRF,
SRF, or sub-RPE fluid using OCT or detected other signs of active MNV.

OCT Image Evaluation

OCT scans were acquired in patients in the PRN treatment arm at each monthly follow-up
visit for 2 years. Time-domain OCT images were obtained at all visits during year 1.

Ophthalmol Retina. Author manuscript; available in PMC 2023 June 21.
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Between years 1 and 2, 22.6% of OCT scan images taken were spectral-domain OCT
images, whereas all others were TD-OCT images.1®

The OCT scans were independently evaluated at Duke Reading Center by 2 certified,
masked readers. Grading disagreements between the readers were resolved by a senior
reader. The scan images were graded for the presence and location (foveal or nonfoveal)

of IRF, SRF, and sub-RPE fluid. The subretinal tissue complex thickness, SRF thickness,
and retinal thickness at the foveal center were measured. Other morphologic features graded
using OCT included subretinal hyperreflective material, vitreomacular attachment, epiretinal
membrane (ERM), and RPE elevation. Moderate interreader reproducibility of the presence
of IRF was observed, with 73% agreement and a kappa statistic of 0.48.16 In a comparison
of IRF grading between paired TD-OCT and spectral-domain OCT scans, there was also a
moderate agreement of 73%, and the kappa statistic was 0.47.1°

The presence of scars was assessed using color fundus photography and fluorescein
angiography based on criteria described previously in CATT.1? Briefly, fibrotic scars were
defined as well-demarcated, elevated mounds of yellowish—-white tissue, whereas nonfibrotic
scars were defined as discrete, flat, hyperpigmented areas with varying amounts of central
depigmentation.

Determination of PP-IRF

Predominantly persistent intraretinal fluid was defined over 12-week, 1-year, and 2-year
periods based on the grading of IRF performed using OCT. Eyes without a sufficient number
of graded OCT scans over the period of interest or missing OCT scans at week 12 or 52
were excluded from the analysis. For the analysis of PP-IRF through year 1, IRF grading
was required at the baseline, week 12, and week 52 visits and in = 75% of visits between
weeks 4 and 48. Predominantly persistent intraretinal fluid through year 1 was defined as
the presence of IRF at the baseline and in = 80% of graded visits between weeks 4 and

48. Among eyes with baseline foveal IRF, foveal PP-IRF through year 1 was defined as the
presence of IRF at the fovea in = 80% of graded visits between weeks 4 and 48. The cohort
of patients used for the analysis of PP-IRF through year 1 was used for defining PP-IRF
through 12 weeks. Predominantly persistent intraretinal fluid though 12 weeks was defined
as the presence of IRF at the baseline and in all visits up to, and including, week 12. For the
cohort of patients used to define PP-IRF through year 2, the eyes were additionally required
to have undergone IRF grading in = 75% of visits between weeks 56 and 100 as well as IRF
grading at week 104. Predominantly persistent intraretinal fluid through year 2 was defined
as the presence of IRF at the baseline and in = 80% of graded visits between weeks 4 and
100. For a sensitivity analysis, 2 additional cohorts, in which IRF was present in 100% of
graded visits up to years 1 and 2, were defined.

For the analysis of persistent IRF through year 1, 4 eyes had a combination of missed visits
and ungradable OCT scans for > 25% of year 1 visits, 2 eyes had ungradable OCT scans at
the week 12 visit, and 7 eyes had ungradable OCT scans at the year 1 visit. For the analysis
of persistent IRF through year 2, 26 eyes had a combination of missed visits and ungradable
OCT scans for > 25% of year 2 visits, and 17 eyes had a missed visit or ungradable OCT

Ophthalmol Retina. Author manuscript; available in PMC 2023 June 21.
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scan at the year 2 visit. Lack of baseline IRF was the most common reason for exclusion
overall (n = 126).

Statistical Analysis

All eyes included in this analysis were graded as having IRF at the baseline, unless

stated otherwise. We estimated the time to resolution of IRF and the subsequent first
recurrence of IRF using Kaplan—Meier curves. The mean numbers of injections received
over the study period were compared between patients with PP-IRF through years 1 and

2 and patients without PP-IRF through years 1 and 2. The baseline predictors of PP-IRF
were determined using univariate and multivariate logistic regression models. The baseline
predictors evaluated in the univariate analysis included patient demographic characteristics,
diabetes, hypertension, cigarette smoking, the assigned study drug, MA in either the study
eye or fellow eye, NnAMD features of the study eye detected using fluorescein angiography,
OCT features such as the presence and location of fluid, retinal thickness at the foveal
center, and other nAMD-associated anatomic findings such as subretinal hyperreflective
material (Table S1, available at www.ophthalmologyretina.org). Risk factors for PP-IRF,
identified using the univariate analysis, associated with £< 0.10 were included in an

initial multivariate model, which went through backward variable selection to reach the
final multivariate model by keeping only risk factors associated with £< 0.05 in the final
multivariate model. The incidence rates of MA and fibrotic scar development by year 2
were compared between patients with PP-IRF through year 2 and patients without PP-IRF
through year 2. Adjusted risk ratios were calculated after accounting for concomitant
presence of predominantly persistent SRF, defined based on the same criteria as that for
PP-IRF described here.18

We compared the mean VA scores and mean changes in VA from the baseline between
eyes with PP-IRF and those with nonpersistent IRF through week 12, year 1, and year 2.
For these analyses, additional comparisons of VA outcomes were made after adjustment
for the baseline predictors of VA identified in previous CATT reports and for concomitant
predominantly persistent SRF.1% We also compared the year 1 and 2 mean VA scores and
changes in eyes with IRF present in 100% of graded visits with those in eyes with IRF
present in < 100% of visits during years 1 and 2. Because of smaller cohort sizes, the VA
outcomes in these analyses were adjusted based on fewer baseline VA predictors (study eye
VA, MNV area, and lesion type) to avoid overfitting of the data.

To determine the effect of baseline IRF on VA in the study cohorts, the adjusted mean VA
scores at week 12, year 1, and year 2 were compared between eyes of the cohort that had
PP-IRF through year 1 and eyes that did not possess baseline IRF but otherwise fulfilled all
data availability criteria of the PP-IRF cohort. The cross-sectional relationship between VA
and the presence of IRF in the study cohorts was examined by comparing the follow-up VA
scores of eyes with the presence of IRF at the time of VA measurement with those of eyes
without IRF at the time of VA measurement. The relationship between VA and IRF status
change in the 4-week period between adjacent visits was assessed using the IRF status at
each visit relative to that at the previous visit as a variable. Generalized estimating equations
were used to adjust for correlations based on longitudinal measures of VA.20

Ophthalmol Retina. Author manuscript; available in PMC 2023 June 21.
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All statistical analyses were performed using SAS, version 9.4 (SAS Institute Inc), and
2-sided Pvalues < 0.05 were considered to be statistically significant.

Results

IRF Persistence through Years 1 and 2

Out of 363 eyes with baseline IRF that were eligible for the analysis, 116 (32.0%) had
PP-IRF through week 12, 108 (29.8%) had PP-IRF through year 1, and 95 (26.1%) had
PP-IRF through year 2. Among eyes with PP-IRF through week 12, 82 (70.7%) also had PP-
IRF through year 1 and 70 (60.3%) had PP-IRF through year 2. Eighty-seven (80.6%) eyes
with PP-IRF through year 1 also had PP-IRF through year 2. Out of 226 eyes with baseline
subfoveal IRF that were eligible for the analysis, 12 (5.3%) had foveal PP-IRF through year
1. Eyes with PP-IRF through year 1 received a greater mean (standard deviation) number
of injections than eyes without PP-IRF by year 1 (9.2 [2.9] vs. 6.6 [3.1], respectively; P<
0.001). Eyes with PP-IRF through year 2 received a greater mean number of injections than
eyes without PP-IRF by year 2 (16.8 [6.1] vs. 12.1 [6.5], respectively; £< 0.001). In eyes
with PP-IRF through year 2, the time interval between the last injection and the year 2 visit
tended to be shorter (median, 4 weeks; interquartile range, 4-12 weeks) than that in eyes
without PP-IRF by year 2 (median, 8 weeks; interquartile range, 4—-20 weeks).

Retinal Thickness at the Foveal Center

The mean retinal thickness at the foveal center at year 1 was 180.5 um in eyes with PP-IRF
through year 1 and 153.1 um in eyes without PP-IRF through year 1 (P= 0.003). Among
eyes with PP-IRF through year 1, the retinal thickness at the foveal center was between 120
and 212 um in 67 (62.0%), < 120 pm in 18 (16.7%), and > 212 pm in 23 (21.3%; Table 1)
eyes. The retinal thickness at the foveal center at year 2 was similarly distributed in these
eyes. Between week 12 and year 1, the maximum observed retinal thickness at the foveal
center for each eye was between 120 and 212 pm in 47 (43.5%), < 120 um in 3 (2.8%), and
> 212 um in 58 (53.7%) eyes.

Time to IRF Resolution and Recurrence

The Kaplan—Meier estimates of the time to initial resolution of IRF among all 363 eyes with
IRF at the baseline are shown in Figure 1. The median time to initial resolution of IRF was
8 weeks (95% confidence interval [C1], 4-8 weeks). The estimated percentage of eyes with
IRF resolution was 88% at year 1 and 92% at year 2. When IRF initially resolved within

the first 12 weeks of follow-up, the median time to IRF recurrence was 8 weeks (95% Cl,
4-8 weeks). When initial IRF resolution occurred after week 12, the median time to IRF
recurrence was 4 weeks (95% ClI, 0-4 weeks; log-rank £< 0.001).

When stratified by baseline retinal thickness at the foveal center (using a median value of
200 um as the cutoff), IRF resolved more quickly in eyes with a baseline retinal thickness
of 0 to 200 um than in eyes with a retinal thickness of > 200 um (log-rank 2= 0.04),
although the median time to resolution was 8 weeks in both groups (Fig S1, available at
www.ophthalmologyretina.org). The median time to the first recurrence of IRF was 8 weeks

Ophthalmol Retina. Author manuscript; available in PMC 2023 June 21.
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(95% ClI, 4-8 weeks) in eyes with a baseline retinal thickness between 0 and 200 pm and 4
weeks (95% ClI, 0-4 weeks) in eyes with a thickness of > 200 um (log-rank £=0.01).

Risk Factors for PP-IRF through 1 Year

The baseline predictors of PP-IRF through year 1 determined using the multivariate analysis
are shown in Table 2. Predominantly persistent intraretinal fluid was more likely to occur in
eyes treated with bevacizumab than in eyes treated with ranibizumab (adjusted odds ratio,
0.4; P<0.001), eyes with worse baseline VA (adjusted odds ratio, 1.0 with > 68 letters vs.
2.1 with 53-67 letters, 2.4 with 38-52 letters, and 2.9 with < 38 letters; #=0.01), and eyes
with ERM (adjusted odds ratio, 2.2; £=0.02). All candidate predictors of PP-IRF through
year 1 evaluated in the univariate analysis are available in Table S1.

Associations between PP-IRF and Baseline VA

Lower mean baseline VA scores (letters) were observed in eyes with PP-IRF through week
12 (56.8 vs. 61.8; £=10.001; Table 3), year 1 (56.6 vs. 61.7; P=0.001), and year 2 (57.5 vs.
62.4; P<0.001) compared with those observed in eyes with nonpersistent IRF over the same
duration.

Associations between PP-IRF through Week 12, Year 1, and Year 2 and VA Outcomes

Predominantly persistent intraretinal fluid through week 12 was associated with worse week
12 mean VA scores before (60.8 vs. 68.1; £< 0.001; Table 4) and after adjustment (63.8 vs.
66.6; = 0.02). Predominantly persistent intraretinal fluid through week 12 was marginally
associated with less mean VA gain from the baseline at week 12 (4.0 vs. 6.4; P=0.052), but
the relationship weakened with adjustment (4.2 vs. 6.3; P=0.07). Eyes with PP-IRF through
week 12 had similar adjusted mean VA scores at year 1 (65.8 vs. 67.1; £=0.40) and year 2
(63.7 vs. 67.2; P=0.06) compared with eyes without PP-IRF through week 12.

Predominantly persistent intraretinal fluid through year 1 was associated with worse
year 1 mean VA scores (62.4 vs. 68.5; £=0.002; Table 4), but this was not so after
adjustment (65.0 vs. 67.4; P=0.13). The mean VA gains from the baseline to year 1
were similar between eyes with PP-IRF through year 1 and those with nonpersistent IRF
through year 1, both before (5.8 vs. 6.9, respectively; = 0.51) and after adjustment (5.1
vs. 7.1, respectively; £=0.19). When only eyes with IRF present in 100% of graded
visits through year 1 were considered as having persistent IRF (n = 43), the differences
in the adjusted mean year 1 VA scorea (63.1 vs. 67.2; = 0.08) and adjusted mean

VA gains from the baseline at year 1 (3.3 vs. 6.9; £=0.09) between the groups were
somewhat larger, but these difference were not statistically significant (Table S2, available at
www.ophthalmologyretina.org).

The mean year 2 VA score was lower in eyes with PP-IRF through year 2 than in eyes
without PP-IRF through year 2 before (61.0 vs. 68.9, respectively; £< 0.001; Table 4) and
after adjustment (63.0 vs. 68.3, respectively; £=0.004). The mean VA gains from baseline
to year 2 were similar between eyes with PP-IRF and those with nonpersistent IRF through
year 2 before adjustment (3.6 vs. 6.5, respectively; 2= 0.13) but were significantly lower
in eyes with PP-IRF through year 2 after adjustment (2.4 vs. 7.1, respectively; 2= 0.009).

Ophthalmol Retina. Author manuscript; available in PMC 2023 June 21.
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Predominantly persistent intraretinal fluid through year 2 was also associated with worse
adjusted mean year 1 VA scores (64.8 vs. 69.2; £=0.006) and less mean VA gain from
baseline to year 1 (4.3 vs. 8.1; £=0.01). When only eyes with IRF present in 100% of the
graded visits through year 2 were considered as having persistent IRF (n = 23), the 2 groups
had similar adjusted mean year 2 VA scores (65.7 vs. 66.8; = 0.75) and adjusted mean VA
changes from the baseline at year 2 (4.5 vs. 5.8; P=0.69; Table S2).

Associations among PP-IRF through Year 2, MA, and Scars

Among eyes with no baseline MA that were eligible for the analysis of PP-IRF through

year 2, 31 (15.5%) eyes with nonpersistent IRF through year 2 and 16 (18.8%) with PP-IRF
through year 2 had developed MA by year 2 (adjusted hazard ratio, 1.32; 95% ClI, 0.66—
2.63; P=0.44; Table 5). Among eyes with no baseline scar that were eligible for the analysis
of PP-IRF through year 2, 93 (43.5%) eyes with nonpersistent IRF and 56 (64.4%) with
PP-IRF through year 2 had developed a scar by year 2 (adjusted hazard ratio, 1.49; 95% ClI,
1.03-2.14; P=0.03).

Association between IRF Change and Concurrent VA Change between Adjacent 4-Week

Visits
Table 6 provides the mean VA changes between adjacent visits 4 weeks apart for each
combination of IRF status at the 2 visits in eyes with baseline IRF. The mean VA changes
differed significantly among the combinations of IRF status (P < 0.001). An unadjusted
mean VA loss of — 0.71 letters was observed when the IRF status changed from absent to
present, and an unadjusted mean VA gain of 0.56 letters was observed when the IRF status
changed from present to absent. The VA increased by an unadjusted mean of 0.04 letters
when IRF was present in 2 consecutive visits and by an unadjusted mean of 0.15 letters
when IRF was absent in 2 consecutive visits. Similar mean VA changes for each pattern of
IRF status were observed after adjustment.

Cross-Sectional Association between IRF and VA

In eyes with baseline IRF included in the analysis of PP-IRF through year 1, the presence
of IRF at the time of VA measurement was associated with worse mean VA scores at week
12 (63.8 vs. 68.4; P=10.005; Table 7), year 1 (64.8 vs. 69.7; £=0.01), and year 2 (62.7 vs.
71.4; P<0.001). After adjustment for the baseline predictors of VA, the mean VA scores
were significantly worse in eyes with IRF than in eyes without IRF at week 12 (64.4 vs.
67.4; P=0.008) and year 2 (64.0 vs. 69.7; P=0.001) but not at year 1 (65.9 vs. 68.2; P=
0.12).

Association between the Presence of Baseline IRF and VA over Time

When compared with eyes without baseline IRF, eyes with baseline IRF that were eligible
for the analysis of PP-IRF through year 1 had worse mean VA scores at week 12 (65.8 vs.
72.8; P<0.001), year 1 (66.7 vs. 73.8; < 0.001), and year 2 (65.9 vs. 73.8; < 0.001;
Table 8). However, the adjusted mean VA scores at week 12 (67.1 vs. 68.7; £=0.15), year
1(68.1 vs. 69.6; £=0.33), and year 2 (66.9 vs. 70.2; P=0.06) were similar between the

2 groups. The mean VA changes from the baseline were similar between eyes with baseline

Ophthalmol Retina. Author manuscript; available in PMC 2023 June 21.
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IRF and those without baseline IRF at week 12 (5.6 vs. 6.1; P=0.64), year 1 (6.6 vs. 7.2;
P=0.68), and year 2 (5.5 vs. 6.8; P=0.46). After adjustment, the baseline IRF status
remained unassociated with VA change from the baseline at all time points.

Discussion

We evaluated the prevalence of PP-IRF and its association with VA in CATT. Among eyes
with baseline IRF, 32% had PP-IRF through week 12. Approximately 70% of eyes with
PP-IRF through week 12 also had PP-IRF through year 1, whereas 60% had PP-IRF through
year 2. This suggests that eyes with early persistence of IRF through 12 weeks of anti-VEGF
treatment have a higher risk of long-term persistent IRF, although some still experience the
resolution of IRF between week 12 and year 1 or 2.

Baseline IRF tended to resolve quickly after anti-VEGF therapy initiation and recur shortly
thereafter, and IRF recurrence occurred more quickly when initial IRF resolution did not
take place within the first 12 weeks. When initial IRF resolution occurred after 12 weeks,
92% recurred within 8 weeks of resolution, whereas in the cohort with initial IRF resolution
before 12 weeks, only 65% recurred in the following 8 weeks. It is important to recognize
the tendency of IRF to recur after resolution is achieved with anti-VEGF therapy, especially
in eyes that exhibit slower initial resolution. Accordingly, for patients who are treated using
a PRN or treat-and-extend regimen, if IRF resolution does not occur until after 12 weeks, it
may be reasonable for the clinician to consider an earlier follow-up visit, after initial fluid
resolution, to prevent an extended period of untreated IRF after fluid recurrence.

Eyes treated with bevacizumab, compared with eyes treated with ranibizumab, had an
increased likelihood of PP-IRF through year 1. Ranibizumab has previously been shown

in CATT to result in a fluid-free retina more frequently than bevacizumab, although the 1-
and 2-year VA outcomes for all CATT patients were similar with the 2 drugs.213 In this
study, however, the majority of eyes with baseline IRF treated with either PRN bevacizumab
or ranibizumab did not exhibit PP-IRF through year 1 (61% and 79%, respectively). The
association of worse baseline VA with an increased risk of PP-IRF through year 1 may
suggest that eyes with more advanced disease are more likely to resist anti-VEGF therapy.
Eyes with ERM were more likely to have persistent IRF through year 1, and the presence of
ERM has been associated with an increased number of anti-VEGF injections and decreased
treatment intervals in patients with nAMD.21 However, IRCs can occur in eyes with ERM
and no evidence of NAMD or other exudative diseases.?? Therefore, some apparently
persistent IRF in the setting of ERM may be indicated by hyporeflective spaces formed
through a VEGF-independent mechanism, such as mechanical traction exerted by ERM.

Eyes with PP-IRF through year 1 had a significantly lower mean VA score than eyes with
nonpersistent IRF through year 1 (62.4 vs. 68.5 letters, respectively). However, when the
VA scores were adjusted for other baseline predictors of VA, the mean difference between
the groups of eyes with PP-IRF and those of eyes without PP-IRF through year 1 was
smaller and no longer significantly associated with lower VA scores at year 1. This finding
is important because most studies examining the relationship between morphology and
functional outcomes in patients with nAMD have found the presence of IRF to be associated
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with worse VA.5-913.23.24 The Jower unadjusted year 1 VA scores observed in eyes with
PP-IRF through year 1 showed that these eyes have a poorer functional prognosis than eyes
without PP-IRF, as suggested by previous literature. The adjusted analysis demonstrated that
the poorer VA observed in eyes with PP-IRF can be largely attributed to baseline patient and
disease characteristics that affect VA and are present more or less often in the setting of PP-
IRF. When the effects of those covariates were removed in the adjusted analysis, persistent
IRF through year 1 was no longer independently associated with worse year 1 VA scores. In
a previous study, IRCs that persisted through 12 months of anti-VEGF treatment in a clinical
setting were significantly correlated with less VA gain from the baseline at 12 months and
showed a borderline association with lower baseline VA.24 In our previous cross-sectional
analysis of all eyes without adjustment for the baseline predictors of VA in CATT, the
presence of foveal and nonfoveal IRF was associated with worse VA scores at all time
points up to year 1.” When we performed a similar cross-sectional analysis in the cohort of
eyes with baseline IRF that were evaluated for PP-IRF through year 1, we also observed a
significant association between the presence of IRF at year 1 and worse year 1 VA scores in
the unadjusted analysis, but the association diminished after adjustment. Among the baseline
predictors of follow-up VA scores, baseline VA was the largest contributor to the difference
between the groups in the unadjusted model. This illustrates that when compared with eyes
with baseline IRF that was not persistent, those with PP-IRF through year 1 tended to have
worse VA at presentation and gained a similar number of letters by year 1, not closing the
gap between the groups.

Eyes with PP-IRF through week 12 had significantly lower week 12 VA scores but similar
VA changes from the baseline to week 12 compared with eyes with nonpersistent IRF.
However, PP-IRF through week 12 was no longer associated with lower VA scores at years
1 and 2 after adjustment for other baseline predictors of VA. In a post hoc analysis of the
VIEW1 and VIEW?2 trials, the visual outcomes of eyes with IRF or SRF persistence through
3 initial monthly anti-VEGF injections had VA scores at baseline and week 52 similar to
eyes without this early persistent fluid.2> The results of both the VIEW analyses and this
study suggest that the early persistence of IRF through a 3-month loading phase is not
likely to threaten long-term vision in the absence of other pathologies. In this study, eyes
with baseline IRF, PP-IRF through week 12, and PP-IRF through year 1 had significantly
worse year 1 and year 2 VA scores before adjustment but not after adjustment. This finding
indicates that the worse VA outcomes observed in those with baseline IRF and PP-IRF up to
year 1 may be partially attributed to other baseline pathologic features in the eye rather than
IRF-induced damage to the retina. Similar to PP-IRF through year 1, lower baseline VA was
a major contributor to the difference in the VA scores between eyes with PP-IRF and those
without PP-IRF through week 12. The underlying cause of the worse baseline VA observed
in eyes with PP-IRF through week 12 and year 1 is unclear and may be related to greater
MNV lesion maturity or severity, which was not captured by the CATT data, in these eyes.

Persistent IRF through year 2, in contrast, was associated with a lower year 1 and year

2 VA score before and after adjustment. Eyes with PP-IRF through year 2 also tended to
gain 2 to 3 fewer letters than eyes with nonpersistent IRF, with the adjusted difference
reaching significance at year 1 and borderline significance at year 2. The negative impact
of the cross-sectional presence of IRF on year 2 VA scores in the cohort analyzed for the
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persistence of IRF through year 2 was maintained with adjustment, unlike that for year 1.
The association of PP-IRF through year 2 with worse adjusted VA outcomes is consistent
with the body of literature demonstrating negative associations between the presence of
IRF and VA. The independent association of PP-IRF through year 2 with worse follow-up
VA, even after adjustment for baseline VA and other predictors, indicates that the chronic
presence of IRF over this duration may result in significant retinal damage unrelated to

the status of the eye at the baseline. A post hoc analysis of the pHase 11, double-masked,
multicenter, randomized, Active treatment-controlled study of the efficacy and safety of
0.5 mg and 2.0 mg Ranibizumab administered monthly or on an as-needed Basis (PRN)

in patients with subfoveal neOvasculaR age-related macular degeneration (HARBOR) trial
compared the VA outcomes of eyes with baseline IRF, which either resolved (was absent
in OCT) or remained residual (present in OCT), at long-term follow-up. Residual IRF at
12 and 24 months was associated with less VA gain at their respective time points after
adjusting for baseline VA and treatment group.28 Although its methodology differed in terms
of how IRF was assessed and the covariates included in statistical adjustment, this study
similarly suggests that unresolved baseline IRF has a detrimental effect on long-term VA.
The exception to a zero-tolerance approach to IRF in NAMD may apply to instances of
apparent IRF that exhibit the highest degree of “persistence.” Intraretinal cysts can form in
the retina via degenerative processes or transudative mechanisms related to impaired fluid
transport rather than VEGF-driven leakage from an MNV lesion.2” One might expect eyes
with IRF at all graded visits through years 1 and 2 to have even worse VA outcomes than
the wider cohort with the presence of IRF in = 80% of visits defined as having PP-IRF
through year 2. However, eyes with this sustained persistence of IRF through year 2 had
similar year 1 and year 2 VA outcomes compared with eyes without it. This observation
could be explained if a large portion of eyes with sustained “IRF persistence” did not

have exudative IRF but, instead, had degenerative cystoid spaces that would not fluctuate
in response to anti-VEGF treatment. Lacking active neovascularization and, instead, having
mostly nonfoveal degenerative cysts (only 12 eyes in CATT had foveal PP-IRF through
year 1), these eyes could be expected to have better VA than those with fluctuating,
chronic, exudative IRF. A post hoc analysis of the VIEW?2 trial used the persistence of
IRCs through 3 months of anti-VEGF therapy as a basis to distinguish degenerative IRF
from exudative IRF.8 However, this criterion may not be a reliable method to determine
whether the observed hyporeflective spaces seen using OCT reflect a VEGF-driven fluid or
a degenerative change; we showed that only 71% of eyes with the presence of IRF at all
visits up to month 3 went on to have PP-IRF through year 1. However, a complete lack of
response of apparent IRF to prolonged anti-VEGF treatment in the absence of other signs
of neovascular activity could suggest a nonexudative origin, for which anti-VEGF therapy
would be neither effective nor beneficial. Imaging biomarkers that enable differentiation
between IRF subtypes would improve the assessment and management of nAMD.

Persistent IRF through year 2 was associated with increased risk of scar development but
not MA development at year 2. Given that the formation of a fibrous plaque or disciform
scar is the most common end point in the natural history of subfoveal MNV lesions,28

an association might be expected between PP-IRF from treatment-resistant MNV lesions
and long-term scar development. A previous CATT report on OCT-based precursors of
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scarring and MA found that pixels of IRF at baseline were predictive of scar formation

at the same pixel by year 2 but not predictive of MA.2° Unlike baseline IRF, which was

not independently associated with a greater incidence of scars at 2 years in CATT,/

PP-IRF through year 2 increased the risk of scar development even after adjusting for
previously determined independent predictors of scarring. This finding suggests that PP-IRF
predisposes eyes to scarring but nonpersistent baseline IRF does not.

A lack of association between PP-IRF and the development of MA may;, at first, seem
contradictory to post hoc analyses of landmark nAMD trials, including the HARBOR and
CATT trials, which have consistently found baseline IRF to increase the risk of MA.30-33
However, all eyes with PP-IRF and eyes in the comparison group with nonpersistent

IRF possessed baseline IRF as per the inclusion criteria for this study. In treatment-naive
eyes with nAMD, the presence of IRF at baseline may indicate compromised integrity or
functioning of RPE, which would normally prevent fluid leakage from the choroid into the
retina. As RPE is crucial to support the overall health of the neurosensory retina,3* more
diseased RPE at presentation would likely impart increased risk of early MA development,
irrespective of the responsiveness of IRF and MNV lesions to anti-VEGF therapy. An eye
with PP-IRF may not necessarily be further predisposed to developing MA compared with
an eye in which baseline IRF has resolved with treatment. Gianniou et al2 defined the
persistence of fluid as the presence of fluid in at least 12 consecutive visits despite monthly
anti-VEGF injections and found a 3.34-fold increased risk of atrophy and a 3.30-fold
increased risk of fibrotic scars in eyes with persistent IRCs compared with that in eyes
with persistent SRF. Although this observed risk of MA associated with persistent IRF is
high, the finding cannot be directly compared with those of the present study because of the
differences in the comparison groups, especially while considering the potential protective
effect of SRF on MA development.32:33

This study has several limitations. The number of eyes with foveal PP-IRF was small, and
thus, the analysis of its impact on VA outcomes had low statistical power. Although we
provided evidence that IRF persistence over a sufficient duration at any location may result
in worse long-term VA outcomes, extrapolating these findings to eyes with chronic foveal
IRF may underestimate the risk of a poor functional prognosis. Time-domain OCT scans,
which have inferior resolution compared with spectral-domain OCT scans, were used to
determine the fluid status at all year 1 visits and most year 2 visits. As a result, small
collections of IRF may have been missed on the TD-OCT scans.

In summary, we defined PP-IRF as the presence of IRF detected using OCT at the baseline
and in = 80% of visits under treatment with PRN anti-VEGF injections in the CATT study.
After adjusting for the baseline predictors of VA and predominantly persistent SRF, PP-IRF
through week 12 and year 1 was not independently associated with worse long-term VA
scores or VA changes from the baseline. Predominantly persistent intraretinal fluid through
year 2 was independently associated with worse long-term VA outcomes. Predominantly
persistent intraretinal fluid through year 2 was associated with an increased risk of scars but
was not associated with an increased risk of MA at year 2.
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Comparison of Age-related Macular Degeneration Treatments Trials (CATT)Research
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Pictures & Perspectives

Post-Retinal Detachment Repair Diffuse Tractional Retinoschisis Sparing Region of
Internal Limiting Membrane Peel

A visually significant macular epiretinal membrane was observed 2 weeks after pars
plana vitrectomy for a rhegmatogenous retinal detachment (visual acuity of 20/60)

(Fig A). The patient underwent repeat pars plana vitrectomy with epiretinal and

internal limiting membrane peel. The retina remained attached despite the postoperative
development of diffuse preretinal membranes sparing only the area of internal limiting
membrane peel shown on OCT (Fig B), en face (Fig C), and widefield red-free fundus
photograph (Fig D) at month 6. Widespread tractional retinoschisis was noted on OCT at
postoperative month 1 and had stabilized by month 4. No further intervention has been
performed given the patient’s good macular function and vision of 20/20. (Magnified
version of Fig A-D is available online at www.ophthalmologyretina.org).

GRreG Buporr, MD
SteVEN D. ScHwartz, MD
JEAN-PIERRE HuBscHmAN, MD

Retina Division, Stein Eye Institute, University of California Los Angeles, Los Angeles,
California
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Figure 1.

Kaplan—Meier curves for the time to intraretinal fluid (IRF) resolution and recurrence among
patients on pro re nata (PRN) treatment. A, Time to IRF resolution among patients with

PRN treatment. Shaded regions depict 95% confidence intervals. N values refer to N at the
risk of resolution at each time point. B, Time to IRF recurrence after initial resolution among
patients with PRN treatment, stratified by IRF resolution occurring before or after week 12.
Log-rank Pvalue < 0.001. N values refer to N at the risk of recurrence at each time point.
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Baseline Visual Acuity Score (in Letters) by Predominantly Persistent Intraretinal Fluid Status through Week

Table 3.

12, Year 1, and Year 2

Duration of Fluid

No Yes

Persistence n Mean (SE) n Mean (SE) P

Wk 12 247 618(08) 116 56.8(1.3) 0.001
Yri 255 61.7(0.8) 108  56.6(1.2) 0.001
Yr2 219 624(08) 95 575(13) <0.001

SE = standard error.
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