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Findings from the Inhibition of VEGF in Age-Related
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Alyson Muldrew, BSc, PhD,1 Barbra Hamill, BSc,1 Usha Chakravarthy, MD, PhD1

Purpose: To describe the frequency of long-term morphologic features and their relationships with visual
function in participants who exited the Inhibition of VEGF in Age-Related Choroidal Neovascularisation (IVAN;
ISRCTN92166560) trial.

Design: Multicenter cohort study up to 7 years after enrollment.
Participants: Patients enrolled in the IVAN trial, excluding participants who died or withdrew during the trial.
Methods: Multimodal fundus images, best-corrected visual acuity (BCVA), and low-luminance visual acuity

(LLVA) were obtained for a subset of 199 participants who attended a research visit. Clinical sites (n¼ 20) also
provided all visual acuity and clinical information from usual care records for 532 participants and submitted the
most recent color, OCT, and other fundus images for 468 participants to a reading center.

Main Outcome Measures: Assessed the following from the most recent images: intralesional macular at-
rophy (ILMA) within the footprint of the neovascular lesion; hyperreflective material (HRM); intraretinal fluid (IRF);
subretinal fluid (SRF); pigment epithelial detachment (PED); and disorganized retinal outer layers (DROLs). Cross-
sectional relationships between morphologic features and BCVA/LLVA were estimated.

Results: Intralesional macular atrophy was present in 31.8% of the study eyes at IVAN exit (mean follow-up,
1.96 years) and 89.5% at the most recent imaging visit (mean follow-up, 6.18 years). Hyperreflective material, IRF,
SRF, PED, and DROLs were present in 78.8%, 47.7%, 7.6%, 94.5%, and 55% of the study eyes, respectively. In
the subset with complete imaging data, in eyes without DROL, the BCVA was worst in the thinnest outer fovea
tertile (thinnest minus middle and thickest tertiles, �19.7 and �19.5 letters, respectively), whereas in eyes with
DROL, the BCVA was worst in the thickest (thinnest and middle tertiles minus thickest, 12.5 and 12.2, respec-
tively). Regression models showed that the presence of ILMA and HRM was independently associated with BCVA
(22 letters worse [95% confidence interval {CI}, e11.2 to e32.8; P< 0.001] and 9.8 letters worse [95% CI, e0.1 to
e19.4; P¼ 0.047], respectively). Subretinal fluid and foveal PED were associated with better BCVA (5.9 letters
[95% CI, �7.9 to 19.7; P¼ 0.399] and 6.4 letters [95% CI, �1.1 to 14.0; P¼ 0.094], respectively). The model with
LLVA was similar. A sensitivity analysis involving the entire eligible cohort yielded similar estimates.

Conclusions: Macular atrophy and HRM were common after 7 years of follow-up and strongly associated
with visual outcomes. Ophthalmology Retina 2022;6:664-675 Crown Copyright ª 2022 Published by Elsevier Inc.
onbehalf of theAmericanAcademyofOphthalmology. This is an openaccess article under theCCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Supplemental material available at www.ophthalmologyretina.org.
Macular neovascularization is a sight-threatening manifes-
tation of many diseases but a common pathologic feature of
age-related macular degeneration.1 The exudative
664 Crown Copyright � 2022 Published by Elsevier Inc. on behalf of the Americ
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manifestations of neovascular age-related macular degen-
eration (nAMD) are ameliorated by the inhibition of VEGF,
benefiting millions of affected patients worldwide.2 After
an
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Peto et al � IVAN Trial: Long-term Findings
the initial, often dramatic improvement in visual acuity
(VA) in eyes with macular neovascularization, medium-
term and long-term data have confirmed that a high pro-
portion of patients experience the worsening of VA over
time.3e5 This poor functional outcome later in the disease in
many patients remains an unsolved clinical problem. It has
been attributed to the development of macular atrophy (MA)
and fibrosis; however, reports of associations between MA
and VA have been limited to assessments of MA performed
from color and fluorescein angiographic images of these
pathologic features.6 Evidence exists to suggest that color
and fundus fluorescein angiography (FFA) imaging are
less sensitive than spectral-domain (SD) OCT for the
detection of MA and fibrosis.7,8

A recent analysis from the Study of ranibizumab
administered monthly or on an as-needed basis in patients
with subfoveal neovascular age-related macular degenera-
tion (HARBOR), which aimed to address this issue, used the
more recent Classification of Atrophy Meeting definitions
for atrophy as, for the patients enrolled in this study, im-
aging was performed using SD-OCT that provides high-
resolution cross-sectional representations of the macular
retinal structure.9,10 However, the HARBOR study report
was restricted to an analysis of the prevalence and
incidence of MA over the 2-year period of the trial and
the relationship of MA with treatment frequency and drug
dose. No information was provided on the association be-
tween MA and VA or that between fibrosis and VA.

The Inhibition of VEGF in Age-Related Choroidal
Neovascularisation (IVAN) follow-up study has recently
reported a functionally important decline in VA of 4.3 letters
per year during the 5 years of subsequent usual care after the
exit from 2 years of anti-VEGF treatment for nAMD within
the IVAN randomized controlled trial.4 Here, we report a
prespecified reading center study of the long-term
morphologic outcomes in this cohort with the following
objectives: (1) to describe the retinal morphology at follow-
up; (2) to quantify cross-sectional associations between MA
within the lesions and visual function; and (3) to estimate
the extent to which MA within the lesion at IVAN exit was
associated with the rate of deterioration in future visual
function.
Methods

In brief, the IVAN trial compared 2 anti-VEGF drugs, ranibizumab
and bevacizumab, and monthly versus as-needed treatment over a
2-year period. It was conducted in 23 sites across the United
Kingdom and enrolled 610 participants with diagnoses of treat-
ment-naïve nAMD. The main findings of the IVAN trial have been
described elsewhere.11 After release from the IVAN protocol (the
last participant’s last visit occurred in October 2012), all patients
were managed within the National Health Service, with free
access to health care. Approval was obtained from a national
ethics committee to allow access to the data collected after the
release from protocol (long-term follow-up) and, additionally, to
invite surviving participants to attend a research visit. Those who
attended the research visit provided written informed consent for
the extra visit at the time of attendance. The protocol for the long-
term follow-up study is available.12
The IVAN trial, including this follow-up study, is covered by
the trial registration ISRCTN92166560. The research ethics com-
mittees in Northern Ireland approved both the original trial
(07/NIR03/37) and the extension (15/NI/0177). The research
adhered to the tenets of the Declaration of Helsinki. An indepen-
dent study steering committee appointed by the funder had over-
sight of the scientific integrity of the follow-up study.13

Study Design

The IVAN follow-up study was a multicenter, longitudinal cohort
study of all participants who had completed the IVAN trial and
who had not withdrawn their consent. A reading centerebased
analysis of long-term retinal morphology and associations with
function was prespecified.

Study Population

The eligible study population comprised all participants who had
not withdrawn during the original trial and who were subsequently
managed in a trial center that also agreed to participate in the long-
term follow-up study.4

Data Collected

Information was extracted from the clinical records of every visit
during the follow-up study. The data comprised VA measurements
and treatments administered for nAMD for both eyes; the details
have been reported previously.4

In addition to the data extracted from the clinic records, the
participants who attended the additional research visit (n¼ 199)
had their best-corrected distance VA measured under standard and
low-luminance conditions, simulated by adding a 2-log neutral
density filter into the trial frame, and recorded as the number of
letters read on Early Treatment Diabetic Retinopathy Study letter
charts. The low-luminance deficit (LLD) was the difference in the
number of letters read between the standard and low-luminance
conditions.14

Grading of Images

Clinical sites submitted the pseudonymized color, blue light
autofluorescence (AF), FFA, and OCT images captured on the
most recent visit of the follow-up study to a dedicated secure server
within the Network of Reading Centers, United Kingdom. Partic-
ipants who attended the research visit had standardized multimodal
imaging comprising color, OCT, and either AF or FFA imaging at
investigator discretion. Participants whose data were obtained
solely from medical records were, on occasion, imaged at one visit
with one imaging modality and with another at a different visit;
therefore, the submitted images could have come from different
visits.

In a prior report, we graded the MA that was restricted to the
footprint of the neovascular lesion and called this the intralesional
macular atrophy (ILMA) that was based on en face imaging
technologies with outlining of the boundaries of atrophy as seen on
color and FFA imaging.15 We recorded the ILMA status at trial
enrollment and at IVAN exit from the original trial data set, and
the methods used are described in the original trial protocol and
in a previous publication.12,15

When assessing the ILMA status at the end of the follow-up
study, we extended the definition to include features seen on SD-
OCT, using the criteria for atrophy defined in the article by
Sadda et al.9 Spectral-domain OCT was not available for most
participants during the original IVAN trial. Consistent with the
definition used in the study by Bailey et al,15 in which we identified
ILMA within the boundaries of the neovascular lesion, graders first
665
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outlined the area occupied by the nAMD lesion at the follow-up
visit, reviewing available en face imaging modalities. The area of
the nAMD lesion was delineated on the infrared reflectance image
captured using SD-OCT because the SD-OCT was the most
commonly submitted image. We compared this area with the area
of the nAMD lesion outlined from FFA at the IVAN exit visit.15 If
the area determined at the end of follow-up was smaller than that
outlined at the IVAN exit visit, the graders expanded the drawing
to ensure that the regions in which neovascularization was present
at IVAN exit were included within the area designated as intrale-
sional for the assessment of the MA status at the end of the follow-
up. Intralesional macular atrophy was considered to be present at
follow-up if (1) it lay within the region outlined as containing
neovascularization and (2) any of the following features were
detected on any one of the imaging modalities:
666
1. Color imaging: a zone of pallor within which large
choroidal vessels were visible.

2. Autofluorescence: a zone of reduced or absent AF
compared with AF of the areas outside the lesion
boundaries.

3. Fundus fluorescein angiography: a zone of hyper-
fluorescence that persisted throughout the run, with fading
in the late phase and identifiable large choroidal vessels.

4. OCT: a visible band of hypertransmission into the choroid
associated with any subsidence of the inner nuclear layer
and/or outward deviation of the outer plexiform layer,
thinning or absence of the outer nuclear layer, thinning or
absence of the photoreceptor inner/outer segments, or
retinal pigment epithelium (RPE)eBruch membrane
complex.
Graders examined all OCT B scans for the presence of intra-
retinal fluid (IRF) and subretinal fluid (SRF); the presence of
hyperreflective material (HRM) localized by compartment (intra-
retinal, subretinal, and subretinal pigment epithelial); and any
elevation of the RPE as a pigment epithelial detachment (PED).

Retinal thickness in eyes with neovascular lesions is affected by
the presence of SRF, HRM, and PED, and these interfere with the
measurement of retinal thinning due to atrophy. Therefore, we
graded the OCT, categorizing the eyes into 2 groups on the basis of
whether the external limiting membrane (ELM), ellipsoid zone,
RPE, and Bruch membrane were visible and distinct from each
other along the majority of the length of the B scan. If these outer
retinal layers were not segmentable, we termed this as disorganized
retinal outer layers (DROLs).

We distinguished the inner and outer components of the foveal
retina and measured the thickness of the inner component with the
internal boundary constituted by the internal limiting membrane
and the external by the ELM and termed this as the inner fovea. For
measurements of the outermost retinal layers at the fovea, the
graders first identified whether DROL was absent or present in the
eyes. In eyes without DROL and without SRF or PED, the thick-
ness of the outer fovea included all layers from the ELM to the
Bruch membrane. In eyes with SRF or PED, the SRF height and
PED height and contributions from other constituents of the neo-
vascular lesion were measured separately (further details of grading
definitions and layer measurements are given in Appendix S1,
available at www.ophthalmologyretina.org).

In eyes with DROL, if SRF was present, its height was
measured. To obtain the thickness of the outer fovea, we combined
the components of subretinal and subpigment epithelial HRM,
unless a RPE band was seen, in which case the sub-RPE compo-
nent was measured separately.

Foveal measurements were performed on the B scan that best
showed the foveal depression (or a B scan with the presumed fovea
if the lesion characteristics did not permit the accurate localization
of the fovea), and maximum thickness measurements were per-
formed on the B scan showing the maximum pathology.

Statistical Analyses

Descriptive statistics were used to characterize the entire cohort and
the overall frequency of key morphologic features. We examined the
demographics and availability of study eye images, as these were
likely to differ by themethod of data acquisition (i.e., obtained during
a research visit or extracted from medical records). Continuous data
were summarized by means and standard deviations or medians and
interquartile ranges (IQRs), if the distribution was skewed. Cate-
gorical data were summarized as numbers and percentages.

Descriptive statistics and regression models were used to charac-
terize the associations between morphologic features and function. In
the subset of participants who attended the research visit (the primary
analysis population for this objective), the relationships between
functional measures (best-corrected visual acuity [BCVA], low-
luminance visual acuity [LLVA], and LLD) and retinal thickness
measurements, grouped by tertiles, were explored using linear
regression adjusted for age and sex. If the model fit was inadequate
based on plots of residuals and assumptions of normality were not met
for linear regression to be performed, then measures of function were
categorized and ordinal logistic regression was used. This also
allowed improved interpretability of the findings. The categories used
for BCVA and LLVA were as follows:� 37, 38 to 52, 53 to 67, 68 to
82, and� 83. The categories used for LLD were as follows:� 5, 6 to
11, 12 to 17, 18 to 22, and� 23. A sensitivity analysis was undertaken
to include participants from the entire cohort (whether surviving or
deceased) who did not attend a research visit but had data and images
collected from medical records when a VA measurement was avail-
able within 1 month of the date of the graded retinal images.4

To estimate the longitudinal association between the presence
of ILMA on release from protocol (IVAN exit) and VA at the end
of IVAN further follow-up, we fitted a multivariable mixed-effects
regression model to the entire cohort. This model estimated the rate
of change in VA during follow-up, with or without ILMA at IVAN
exit, using all available VA measurements during active surveil-
lance of the study eye during the long-term follow-up, adjusted for
several prespecified potential confounding factors.4 We added the
presence of ILMA at IVAN exit and the interaction between
ILMA and time to the model, prespecifying that only the overall
association should be reported if the interaction was not
statistically significant at the 10% level. Missing covariates were
imputed using multiple imputation methods, and the results were
combined using Rubin’s rule.16

Associations are reported with 95% confidence intervals (CIs)
and the exact P values. When referring to findings as statistically
significant, a 5% significance level (2-sided) was used unless
otherwise stated. No adjustment was made to take account of
multiplicity of statistical testing. The effects of the original ran-
domized drug allocations on the development of new ILMA were
assessed using logistic regression, adjusted for the center size (7
strata, described in a previous publication).15 All analyses were
performed using Stata version 16.0 (StataCorp).

Results

Description of the Cohort

Two original IVAN sites declined to participate and 2 had merged.
Among the remaining 20 centers that agreed to the follow-up study,
537 participants completed their IVAN exit visit in the original IVAN

http://www.ophthalmologyretina.org


Table 1. Study Eye Morphologic Features at the Extended Follow-up, by the Method of Follow-up*

Characteristic

Alive at the Time of Follow-up Study Died before Follow-up Study

Overall (n[ 532)Attended Research Visit (n¼ 199) Usual Care Data Only (n¼ 209) Usual Care Data Only (n¼ 124)

n % n % n % n %

ILMAy 174/199 87.4% 164/179 91.6% 81/90 90.0% 419/468 89.5%
DROL absentz 94/198 47.5% 80/174 46.0% 32/86 37.2% 206/458 45.0%
DROL presentz 104/198 52.5% 94/174 54.0% 54/86 62.8% 252/458 55.0%
Any HRMz 167/198 84.3% 136/173 78.6% 57/86 66.3% 360/457 78.8%
Subretinal 85/167 50.9% 91/136 66.9% 38/57 66.7% 214/360 59.4%
Intraretinal 5/167 3.0% 0/136 0.0% 1/57 1.8% 6/360 1.7%
Sub-RPE 130/167 77.8% 90/136 66.2% 37/57 64.9% 257/360 71.4%

Retinal layer thickness
measurements

Inner fovea ILM to
ELM, mm
(median, IQR)x

DROL absent 116.0 (98.0, 137.0) 127.5 (97.0, 158.5) 113.5 (97.0, 135.0) 119.5 (98.0, 145.0)
DROL present 119.0 (75.0, 168.5) 107.5 (53.0, 161.0) 122.0 (85.0, 169.0) 118.0 (72.5, 166.0)

Outer fovea ELM to
Bruch membrane,
mm (median,
IQR)

DROL absent 55.0 (39.0, 69.0) 59.5 (45.5, 77.5) 63.5 (53.5, 88.0) 58.0 (43.0, 74.0)
DROL present|| 96.0 (47.0, 158.0) 80.5 (34.0, 149.5) 80.0 (52.0, 159.0) 86.5 (45.0, 151.0)

Maximum thickness
HRM, mm
(median, IQR)

168.0 (117.0, 232.0) 148.5 (106.5, 217.0) 165.0 (119.0, 212.0) 158.0 (114.0, 227.0)

Subfoveal thickness
HRM, mm
(median, IQR)

80.0 (37.0, 139.0) 58.0 (27.0, 109.0) 75.0 (33.0, 117.0) 70.0 (31.5, 130.0)

Subfoveal SRFz 14/198 7.1% 12/174 6.9% 9/86 10.5% 35/458 7.6%
SRF height, mm
(median, IQR)

53.0 (36.0, 103.0) 33.0 (23.0, 46.5) 84.0 (58.0, 98.0) 52.0 (29.0, 98.0)

Intraretinal fluid 84/198 42.4% 89/173 51.4% 43/82 52.4% 216/453 47.7%
Any PEDz 188/198 94.9% 165/174 94.8% 80/86 93.0% 433/458 94.5%
Subfoveal PEDz 125/198 63.1% 84/174 48.3% 39/86 45.3% 248/458 54.1%

PED height, mm
(median, IQR)

79.0 (44.0, 142.0) 93.0 (56.5, 155.0) 79.0 (37.0, 127.0) 85.0 (45.5, 140.5)

DROL ¼ disorganized retinal outer layer; ELM ¼ external limiting membrane; HRM ¼ hyperreflective material; ILM ¼ inner limiting membrane; ILMA ¼
intralesional macular atrophy; IQR ¼ interquartile range; PED ¼ pigment epithelial detachment; RPE ¼ retinal pigment epithelium; SRF ¼ subretinal fluid.
*The median time between the exit from Inhibition of VEGF in Age-Related Choroidal Neovascularisation trial and the most recent image (in years) is 5.3
(IQR: 4.8, 5.8) for participants who attended the research visit, 4.6 (IQR: 2.8, 5.5) for participants with passive data collection only, and 1.9 (IQR: 1.0, 2.7)
for participants who died before the follow-up study.
yGraded using all 4 imaging modalities (autofluorescence, fundus fluorescein angiography, OCT, or color imaging). Intralesional macular atrophy was graded
as present if seen on any image.
zGraded on OCT; excludes study eyes without a graded OCT at follow-up (n¼ 74; 1 patient attended the research visit, 35 were alive with usual care data
only, and 38 died before the follow-up study with usual care data).
xInner fovea measurementdILM to ELM or ILM to inner border of HRM or inner boundary of DROL.
||Outer fovea measurementsdELM to inner border of HRM or inner boundary of DROL to RPE inner if the RPE band was visible. If the RPE band was not
distinguishable, all HRM, including sub-RPE HRM, were considered. Data were missing for 28 patients (5 patients attended the research visit, 10 were alive
with usual care data only, and 13 died before the follow-up study with usual care data).

Peto et al � IVAN Trial: Long-term Findings
trial. Five participants withdrew their consent for usual care data
to be collected, and 532 participants were included in the follow-
up study.4 Usual care clinical data were available for all 532
participants, and images submitted to the reading center were
available from 468 participants. Of these, 199 participants also
attended a research visit, which occurred between June 17,
2016, and May 18, 2017 (198 with OCT), and 202 participants
further contributed usual care data with a VA measurement
made within 1 month of the submitted OCT images. In these
400 participants who had both VA and OCT images, the
median duration of follow-up from enrollment was 6.7 (IQR,
4.8e7.5) years, and the mean VA was 49.8 (standard deviation,
25.4) letters. The participant demographics are shown by the
method of data acquisition: alive and attended research visit, alive
with usual care data when the follow-up study was conducted, or
deceased with usual care data when the follow-up study was
conducted (Table S1, available at www.ophthalmologyretina.org).
The availability of different image modalities is also shown by
the method of data acquisition in Table S2 (available at
www.ophthalmologyretina.org).
667
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Table 2. Functional Measures at Inhibition of VEGF in Age-Related Choroidal Neovascularisation Trial Exit and Inhibition of VEGF in
Age-Related Choroidal Neovascularisation Trial Follow-up in Participants (n¼ 199) Who Attended the Research Visit

Feature at the Follow-up Study

BCVA LLVA LLD

Mean SD Mean SD Mean SD

ILMA*
Absent (n¼ 25) 74.1 11.0 57.6 17.7 16.4 9.2
Present (n¼ 174) 48.5 26.2 33.6 22.2 15.0 13.8

BCVA at IVAN exit� 75 (n¼ 96) 37.6 24.4 24.9 20.1 12.8 13.2
BCVA at IVAN exit> 75 (n¼ 78) 62.0 21.6 44.3 19.9 17.7 14.1

HRMy

Absent (n¼ 31) 61.3 22.0 47.2 19.6 14.1 14.4
Present (n¼ 167) 50.2 26.5 34.8 23.1 15.4 13.2

Subretinal HRMy

Absent (n¼ 113) 61.3 21.5 44.8 20.8 16.5 12.7
Present (n¼ 85) 39.4 26.6 26.0 21.5 13.4 14.0

Intraretinal HRMy

Absent (n¼ 193) 52.7 25.7 37.4 22.7 15.3 13.4
Present (n¼ 5) 19.8 25.5 9.8 20.9 10.0 9.7

Sub-RPE HRMy

Absent (n¼ 68) 50.5 27.3 36.7 23.9 13.8 14.4
Present (n¼ 130) 52.7 25.6 36.7 22.6 15.9 12.7

Subfoveal SRFy

Absent (n¼ 184) 51.1 26.1 35.6 22.7 15.4 13.7
Present (n¼ 14) 63.2 24.4 51.1 22.9 12.1 7.4

Intraretinal fluidy

Absent (n¼ 114) 55.6 25.1 39.6 22.6 16.1 13.8
Present (n¼ 84) 46.9 26.9 32.9 23.1 14.0 12.7

Subfoveal PEDy

Absent (n¼ 73) 45.0 24.2 29.4 20.0 15.6 16.2
Present (n¼ 125) 56.0 26.5 41.0 23.7 15.0 11.4

BCVA ¼ best-corrected visual acuity; HRM ¼ hyperreflective material; ILMA ¼ intralesional macular atrophy; IVAN ¼ Inhibition of VEGF in Age-
Related Choroidal Neovascularisation; LLD ¼ low-luminance deficit; LLVA ¼ low-luminance visual acuity; PED ¼ pigment epithelial detachment;
RPE ¼ retinal pigment epithelium; SD ¼ standard deviation; SRF ¼ subretinal fluid.
*Intralesional macular atrophy gradeddILMA present if present on any image.
yGraded using OCT only.
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Retinal Morphology at Follow-up

Transitions in the ILMA status in the study eyes are shown in
Figure S1 (available at www.ophthalmologyretina.org) and show
prevalent and incident ILMA at 3 time points: IVAN trial entry,
exit, and the most recent follow-up visit after the release from
protocol. Intralesional macular atrophy was present in 31.8% at
IVAN exit, and this increased to 89.5% at the most recent follow-
up visit. The development of new ILMA was not significantly
different from those of the original trial allocations (Fig S2,
available at www.ophthalmologyretina.org).

Table 1 shows the morphologic features of the study eyes at the
most recent follow-up visit by the method of follow-up. The pro-
portion of eyes with ILMA was similar regardless of the method of
follow-up: attended research visit, 87.4%; alive and usual care data
at follow-up, 91.6%; and deceased and usual care data, 90.0%.

Disorganized retinal outer layer was present in just greater than
half of all eyes, and HRM was present in 3 quarters (Table 1).
Hyperreflective material was rarely intraretinal, subretinal in just
greater than half, and sub-RPE in < 3 quarters (Table 1). When
measured at its thickest, the median HRM was 158 mm (IQR,
114e227 mm) but was thinner at the fovea, at 70 mm (IQR,
31.5e130 mm). Retinal thickness measurements made on the
foveal scan showed that in eyes without DROL, the inner fovea
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thickness was 119.5 mm (IQR, 98.0e145.0 mm), and it was similar
in those with DROL, at 118.0 mm (IQR, 72.5e166.0 mm). In eyes
without DROL, the outer fovea thickness was 58.0 mm (IQR,
43.0e74.0 mm) and was a third thinner compared with the eyes
with DROL (86.5 mm; IQR, 45.0e151.0 mm). Subretinal fluid was
present in only a small proportion (7.6%), and the median height
was 52.0 mm (IQR, 29.0e98.0 mm). Pigment epithelial
detachments were present in the vast majority (94.5%), and the
median height was 85.0 mm (IQR, 45.5e140.5 mm). Intraretinal
fluid was present in just less than half (47.7%) of all eyes. The
proportions of eyes with HRM, SRF, and PED and the thickness
measurements were similar by method of follow-up (Table 1);
however, the duration of follow-up was different between groups.

In the 199 participants who attended the research visit,
Figure S3 (available at www.ophthalmologyretina.org) shows the
proportion of eyes in different BCVA, LLVA, and LLD
categories at IVAN exit and at follow-up by the presence of
ILMA at follow-up. Comparing study eyes with ILMA at IVAN
follow-up with those without, a higher proportion of the former
was in the worse VA categories at IVAN exit. We explored the
mean differences in BCVA, LLVA, and LLD when classified by
the presence or absence of ILMA, HRM, IRF, SRF, and PED in
this subset of research visit attenders (Table 2; medians shown
in Table S3, available at www.ophthalmologyretina.org). Study
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Figure 1. Differences in study eye visual acuity, by presence of ILMA, HRM, sub-foveal SRF, and PED in the study eye. BCVA ¼ best-corrected visual
acuity; CI ¼ confidence interval; HRM ¼ hyperreflective material; ILMA ¼ intralesional macular atrophy; LLD ¼ low-luminance deficit; LLVA ¼ low-
luminance visual acuity; MD ¼ mean difference; OR ¼ odds ratio; PED ¼ pigment epithelial detachment; SRF ¼ subretinal fluid; VA ¼ visual acuity.

Peto et al � IVAN Trial: Long-term Findings
eyes with ILMA at follow-up had worse BCVA and worse
LLVA. Study eyes with HRM had worse BCVA and LLVA
than eyes without any HRM. Eyes with IRF were approximately
2 lines worse than those without (mean BCVA, 46.9; standard
deviation, 26.9, vs. mean BCVA, 55.6; standard deviation,
25.1). The presence of subfoveal SRF or PED were associated
with better BCVA and LLVA. The LLD was similar in eyes
with ILMA, HRM, SRF, and PED compared with in those
without. When participants were subcategorized by the median
BCVA (� 75 or > 75) at IVAN exit, the LLD was greater in
eyes with higher BCVAs (deficit of 17.7 letters) than in those
with lower BCVAs (deficit of 12.8 letters; Table 2). The
sensitivity analysis (that also included study eyes with
nonrefracted Early Treatment Diabetic Retinopathy Study VA
measured in usual care, n¼ 400) found almost identical
univariable findings to those from the primary analysis (Fig 1).

Relationships between functional measures (BCVA, LLVA,
and LLD) and retinal thickness measurements grouped by
tertiles were modeled using linear regression (adjusted only for
age and sex; Table 3; Figs S4 and S5, available at
www.ophthalmologyretina.org; Table S4, available at
www.ophthalmologyretina.org). For the inner fovea thickness,
relationships with measures of vision did not vary with the
absence or presence of DROL. For the outer fovea thickness,
study eyes in the thinnest tertile without DROL had the worst
BCVA and LLVA, whereas eyes in the thickest tertile with
DROL had the worst BCVA and LLVA.

The multivariable model of estimates of the independent associ-
ations among ILMA, HRM, SRF, and PED with the 3 key measures
of vision (BCVA, LLVA, and LLD) in the subset of 199 participants
who attended the research visit are shown in Table 4. The presence of
ILMA had the strongest negative association with BCVA; in eyes
with ILMA, the BCVA was approximately 22.0 letters worse (95%
CI, 11.2e32.8; P< 0.001). Hyperreflective material was estimated
to be independently associated with 9.8 letters worse (95% CI,
0.1e19.4; P¼ 0.047; i.e., eyes with both ILMA and HRM were
> 30 letters worse). Both subfoveal SRF and PED were associated
with a better BCVA of approximately 1 Early Treatment Diabetic
Retinopathy Study line (5.9 letters; 95% CI, �7.9 to 19.7; and 6.4
letters; 95% CI, �1.1 to 14.0, respectively). The model for LLVA
showed highly similar associations. The model based on the LLD
showed only small differences in association for the 4 morphologic
characteristics, consistent with the univariable analyses.

The estimates of association from the sensitivity analysis
including study eyes for all cohort participants with available
follow-up data irrespective of whether they attended the research
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Table 3. Mean Best-Corrected Visual Acuity, Low-Luminance Visual Acuity, and Low-Luminance Deficit by Tertile of Foveal Retinal Thickness Classified by the Presence or
Absence of Disorganized Retinal Outer Layer

OCT Measurement

BCVA Difference BCVAz LLVA Difference LLVAz LLD Difference LLDz

Mean SD Mean SD Mean SD MD/OR 95% CI MD/OR 95% CI

Inner fovea ILM to ELM
DROL absent (n¼ 94)

Tertile 1: � 103 mm (n¼ 33) 56.2 23.8 OR¼ 0.62 (0.24, 1.59) 44.4 22.2 OR¼ 0.99 (0.39 2.52) 11.8 10.0 MD¼�4.3 (�10.3, 1.6)
Tertile 2: 104e127 mm (n¼ 31) 67.9 17.8 OR¼ 1.47 (0.57, 3.76) 50.9 17.5 OR¼ 1.44 (0.57, 3.65) 17.0 10.7 MD¼ 0.9 (�5.1, 6.9)
Tertile 3: > 127 mm (n¼ 30) 62.0 23.6 Referencey 45.2 22.2 Referencey 16.8 14.1 Referencey

DROL present (n¼ 104)
Tertile 1: � 86 mm (n¼ 35) 33.7 21.7 MD¼�19.4 (�31.4, �7.4) 21.1 16.9 MD¼�14.2 (�23.9, �4.5) 12.7 14.9 MD¼�5.2 (�12.1, 1.7)
Tertile 2: 87e147 mm (n¼ 36) 52.9 25.9 Referencey 34.8 21.4 Referencey 18.2 16.8 Referencey

Tertile 3: > 147 mm (n¼ 33) 41.6 27.7 MD¼�11.6 (�24.0, 0.7) 26.8 23.0 MD¼�7.5 (�17.4, 2.5) 14.8 11.4 MD¼�4.2 (�11.2, 2.9)
Outer fovea ELM to Bruch membrane

DROL absent (n¼ 94)
Tertile 1: � 46 mm (n¼ 33) 49.5 24.9 MD¼�19.5 (�29.5, 9.6) 35.8 21.7 MD¼�18.4 (�27.9, �8.8) 13.7 11.7 MD¼�1.2 (�7.0, 4.7)
Tertile 2: 47e63 mm (n¼ 30) 68.7 16.8 MD¼ 0.2 (�9.9, 10.4) 51.7 18.1 MD¼�2.1 (�11.8, 7.7) 17.0 14.5 MD¼ 2.3 (�3.7, 8.2)
Tertile 3: > 63 mm (n¼ 31) 68.6 18.3 Referencey 53.9 17.6 Referencey 14.8 8.6 Referencey

DROL present (n¼ 104)*
Tertile 1: � 61 mm (n¼ 33) 46.0 24.9 MD¼ 0.3 (�12.4, 13.1) 27.3 23.1 MD¼�1.1 (�11.3, 9.1) 18.7 13.2 MD¼�1.4 (�5.8, 8.7)
Tertile 2: 62e134 mm (n¼ 34) 45.8 23.4 Referencey 28.4 18.2 Referencey 17.4 17.4 Referencey

Tertile 3: > 134 mm (n¼ 32) 34.1 28.1 MD¼�12.2 (�25.1, 0.7) 23.9 20.1 MD¼�5.7 (�16.1, 4.6) 10.2 12.6 MD¼�6.4 (�13.8, 0.9)

BCVA ¼ best-corrected visual acuity; CI ¼ confidence interval; DROL ¼ disorganized retinal outer layer; ELM ¼ external limiting membrane; ILM ¼ inner limiting membrane; LLD ¼ low-luminance
deficit; LLVA ¼ low-luminance visual acuity; MD ¼ mean difference; OR ¼ odds ratio; SD ¼ standard deviation.
*Foveal retinal thickness of hyperreflective material if DROL was present. Data were missing for 5 patients.
yReference category chosen to be the tertile expected to have the best function.
zAll models were adjusted for age and sex. Mean differences are reported for variables modeled on the continuous scale or odds ratios for variables modeled with ordinal logistic regression, with outcomes
(visual acuity) categorized into the following groups: � 37, 38e52, 53e67, 68e82, and � 83.All models were adjusted for age and sex. Mean differences are reported for variables modeled on the continuous
scale or odds ratios for variables modeled with ordinal logistic regression, with outcomes (visual acuity) categorized into the following groups: � 37, 38e52, 53e67, 68e82, and � 83.
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Table 4. Multivariate Model of Estimates Association of Intralesional Macular Atrophy, Hyperreflective Material, Pigment Epithelial
Detachment, and Subretinal Fluid on Best-Corrected Visual Acuity, Low-Luminance Visual Acuity, and Low-Luminance Deficit at

Follow-up*

Outcome/Variable

Primary Analysis Sensitivity Analysisy

MD (95% CI) P Value MD (95% CI) P Value

Model 1: BCVA/VA
ILMA �22.0 (�32.8, �11.2) < 0.001 �18.6 (�26.6, �10.5) < 0.001
HRM �9.8 (�19.4, �0.1) 0.047 �11.9 (�17.5, �6.3) < 0.001
Subfoveal SRF 5.9 (�7.9, 19.7) 0.399 3.1 (�5.9, 12.1) 0.501
Subfoveal PED 6.4 (�1.1, 14.0) 0.094 9.1 (4.3, 13.9) < 0.001

Model 2: LLVA
ILMA �19.8 (�29.0, �10.6) < 0.001
HRM �10.4 (�18.6, �2.1) 0.014
Subfoveal SRF 9.0 (�2.8, 20.8) 0.134
Subfoveal PED 7.3 (0.9, 13.7) 0.026

Model 3: LLD
ILMA �2.2 (�8.1, 3.6) 0.451
HRM 0.6 (�4.6, 5.8) 0.823
Subfoveal SRF �3.1 (�10.6, 4.4) 0.415
Subfoveal PED �0.9 (�5.0, 3.2) 0.674

BCVA ¼ best-corrected visual acuity; CI ¼ confidence interval; HRM ¼ hyperreflective material; ILMA ¼ intralesional macular atrophy; LLD ¼ low-
luminance deficit; LLVA ¼ low-luminance visual acuity; MD ¼ mean difference; PED ¼ pigment epithelial detachment; SRF ¼ subretinal fluid; VA ¼
visual acuity.
*All models were adjusted for age and sex.
ySensitivity analysis included all participants with usual care VA recorded within 30 days from the date of OCT (n¼ 400). Best-corrected visual acuity was
recorded for those who attended the research visit; usual care VA was recorded for all other patients.

Peto et al � IVAN Trial: Long-term Findings
visit (Table 4) were very similar to those observed in the main
analysis. The association between the presence of a subfoveal
PED and VA slightly strengthened and became statistically
significant due, in part, to the larger sample size. Eyes with
subfoveal PEDs read, on average, of 9.1 letters more than eyes
that did not have PEDs (95% CI, 4.3e13.9; P< 0.001).

Long-term Association between ILMA at IVAN
Exit and Deterioration in VA during Long-term
Follow-up

Adding ILMA to the adjusted model previously reported4

estimated the deterioration in VA during active surveillance of
the study eye during the period of long-term follow-up to be 4.3
letters per year (95% CI, 3.7e4.9; Table S5, available at
www.ophthalmologyretina.org). The association between ILMA
and VA was constant from IVAN exit to the end of the long-
term follow-up (i.e., the interaction with time was not signifi-
cant). Compared with study eyes without ILMA, eyes with ILMA
at IVAN exit had an average VA that was estimated to be 3.3 (95%
CI, 0.2e6.4) letters worse throughout the long-term follow-up.

Discussion

In this analysis of the IVAN trial cohort with a median of
almost 5 years’ follow-up after the release from protocol (7
years from enrollment), SD-OCT grading revealed that a
high proportion of study eyes (>80%) had ILMA. In the
subgroup of 199 participants who attended a research visit,
the multivariable model showed that ILMA was associated
with 22 fewer letters read and HRM, independently, with 10
fewer letters read than when these features were absent.
Subfoveal PED was associated with better function. Asso-
ciations between BCVA and outer retina thickness were
reversed in eyes with and without DROL; in eyes without
DROL, the BCVA was the worst when the outer foveal
retina was thinnest, whereas in eyes with DROL, the BCVA
was the worst when the outer foveal retina was thickest.
These associations were not altered in the sensitivity anal-
ysis that included the full cohort.

We used both previously reported en face and OCT graded
criteria to identify ILMA. Notably, we graded the SD-OCT
scans in a manner similar to that described by Gune et al10

and in line with the Classification of Atrophy Meeting
criteria for OCT-based detection of MA.9 Using this
approach, we differed from the Comparison of Age-Related
Macular Degeneration Treatments Trial (CATT), which is
the only other major trial to examine the frequency of atrophy
in the long term in a substantial proportion of the original
cohort of participants. In the CATT, geographic atrophy (GA)
was reported as present regardless of whether the atrophy
involved an area of prior neovascularization, and the grading
methods were based on color and FFA imaging, with GA
defined as an area of pallor of diameter of� 250 mm in which
choroidal vessels were visible.17 The cumulative incidence of
GA by year 5 from enrollment in CATT was 38% (95% CI,
38%e42%). This percentage was considerably lower than
that described in another report of long-term follow-up of
trial cohorts, the Seven-year outcomes in ranibizumab treated
patients in ANCHOR, MARINA and HORIZON: a
multicenter cohort study (SEVEN-UP) study, in which MA
(defined as a decrease in AF) was found in 98% of eyes (but
included < 10% of the original trial participants).18 Study
eyes in the present analysis (468 of 610 participants, 77%
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of the original participants) had a median follow-up of 6.7
years from enrollment, with 89.5% classified as exhibiting
ILMA. The additional duration of follow-up in IVAN and the
likely higher sensitivity of OCT criteria for ascertaining
ILMA are possible reasons for the discrepancy between the
CATT and IVAN cohorts. The potential for GA to be
obscured by fluid, neovascular complexes, or fibrotic ele-
ments when using only color and FFA imaging as the grading
modalities is a further reason.

Hyperreflective material on SD-OCT has previously been
shown to correlate strongly with scarring on color imaging,19

and almost 80% of the eyes in our study were graded as
exhibiting this feature. We observed that HRM was mostly
present in the sub-RPE (71.4%) and subretinal (59.4%) tissue
compartments, and rarely intraretinal (1.7%). This is substan-
tiated by the observation that with anti-VEGF therapy, diffuse
subretinal and sub-RPE HRM seen before initiating treatment
is replaced over time by well-defined regions of dense hyper-
reflectivity on OCT.20 Hyperreflective material is also known
to be associated with poorer visual outcomes after anti-
VEGF therapy, and this is supported by the finding that sub-
retinal HRM is associated with a greater risk of scar forma-
tion.19,20 Furthermore, the presence of scars deemed to be
fibrotic is associated with the persistence of HRM after anti-
VEGF therapy, thereby establishing it as an important prog-
nostic OCT biomarker in nAMD.20 In the present study,
although we localized HRM to the different tissue layers,
when it extended through the outer retina into the RPE, the
disorganization of the tissue layers sometimes precluded the
distinction between subretinal HRM and sub-RPE HRM
measurements. The median thickness of HRM at the fovea in
IVAN was 70.0 mm (IQR, 31.5e130.0 mm). Despite differ-
ences in the grading methods and OCT feature definitions, the
thickness of the HRM at the fovea in IVAN lay within the
reportedmargins of the lesion component termed as “subretinal
tissue complex” by CATT, which was 125� 107 mm.21,22

We observed, in the multivariable model, that HRM was
independently associated with a worse BCVA by approxi-
mately 10 letters. However, this does not consider a possible
interaction between ILMA and HRM. Similarly, the asso-
ciations between PED and SRF with better BCVA do not
consider their possible interaction. The integrity of the
photoreceptors is critically important for visual perfor-
mance.23,24 Spectral-domain OCT enables the visualization
of the retinal layers, including the discrimination of the outer
retina (in healthy eyes) of the ELM, ellipsoid zone, inter-
digitation zone bands, RPE, and Bruch membrane.25

Widespread disorganization of the neurosensory retina is
found in many disorders, including retinal holes, inherited
degenerations, and other exudative maculopathies.26,27

However, nAMD preferentially affects the outer retina,
and data relating the intactness of the outer retinal layers
to functional loss are lacking in eyes treated with anti-
VEGF drugs for long term. We used the inability to iden-
tify and segment the individual components of the outer
retinal layers as a marker of their integrity, similar to Sun
et al,28 who employed this method in diabetic macular
edema to describe disorganization and loss of inner retinal
structure. We termed this as “DROL” and believe this to
be a useful term in clinical practice and future research.
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In the subset of 199 participants, we observed thought-
provoking relationships with functional measurements
when classified by the presence and absence of DROL.
When DROL was absent, the BCVA and LLVA were worst
in the thinnest tertile of the outer foveal retina; eyes in this
tertile read approximately 20 letters fewer than eyes in the
middle and thickest tertiles. When DROL was present, not
only was the BCVA worse but also the relationship with the
outer foveal retinal thickness was reversed. The BCVA and
LLVA were worst in the thickest tertile than in the thinnest
and middle tertiles. This finding suggests that in the lowest
tertile, function was limited mainly through atrophy,
whereas in the thickest tertile, function was impaired
because of HRM or, in some cases, persistent lesion activity.
We believe the latter to be less likely, as the frequency of
markers of lesion activity was low at the most recent routine
care visit of the IVAN follow-up cohort. We hypothesize
that when DROL is present, the anatomic disruptions of the
outer retina, RPE, and inner choroid have severe conse-
quences for visual function.

Our findings suggest that LLVA and LLD are of less
value for monitoring when there is established nAMD, as
we showed in our cross-sectional analyses that associations
between ILMA and these additional functional measures
were no stronger than those for BCVA. We observed that
the LLD was marginally greater in eyes with better BCVA,
which we interpret to be due to a floor effect with decreasing
levels of BCVA. This is consistent with the literature, in
which LLVA and LLD are considered earlier markers of
central vision dysfunction than BCVA.29

Our study has several strengths. We created a repository of
data from all follow-up visits, including from participants
who died before the follow-up study, and we graded the most
recent images captured during usual care. Of those alive at the
time of the follow-up study, half of the participants attended a
research visit at which BCVA and LLVA were obtained and
noninvasive imaging was performed, which gave us a high-
quality data set for the primary analysis of associations be-
tween morphologic features and function. The results of the
sensitivity analysis using data from all participants who were
eligible to be included yielded results that were very similar
to the primary analysis. Image grading was performed at an
independent reading center by graders masked to de-
mographic and clinical information using a prespecified
grading protocol that allowed for the capture of features of
ILMA, HRM, and DROL and markers of lesion activity. The
additional analysis with regard to metrics of disorganized
outer retina was post hoc; therefore, we did not subject it to
formal statistical testing.

Our study has several limitations. First, the definition of
ILMA at IVAN exit was not identical to that in the follow-up
study; the former was based on color and FFA imaging,
whereas the latter was principally based on SD-OCT. This
difference arose because, at IVAN exit, most participants were
imaged with time domain OCT, which was of insufficient
resolution to permit the assessment of the outer retina. The use
of en face modalities, namely, color and FFA imaging only, to
assign the ILMA status at IVAN exit may have resulted in a
lower proportion of eyes classified with this feature. Second,
we could not evaluate the contributions of the individual layers
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of the outer retina to the functional deficits that we observed
due to the presence of DROL in many eyes. It is possible that
advances in automation that improve the segmentation of
outer retinal layers may allow a more accurate quantification
of outer retinal layers in the future.30 The analysis of DROL
was purely exploratory and emerged as we observed the
data. Further studies using other trial data sets are required
to investigate whether the findings are reproducible. Third,
the cross-sectional design (explanatory and outcome vari-
ables assessed at the same time) meant that inferences about
temporal associations cannot be made. Fourth, only half of
those alive at the time of data capture attended a research visit.
Data on those who did not attend and from those who had died
before conducting the follow-up study were obtained by col-
lecting data from usual care clinical records, causing the dates
of image capture and the VA measurement to differ for some
participants. To minimize this limitation on the sensitivity
analysis and test the robustness of the findings in those who
did not attend the research visit, we included only the partic-
ipants with VA within 1 month of the submitted image. Fifth,
the association between ILMA and the rate of change in visual
function may have been distorted, as the associations were
based on the classification of ILMA at IVAN exit. A large
number of participants without ILMA at IVAN exit
subsequently developed ILMA during the extended follow-
up; however, because images were collected only at the
research visit ormost recent usual care visit, it was not possible
to determine and include in the model the time in which ILMA
developed. Sixth, we did not prespecify the interaction be-
tween the VA and outer foveal retinal thickness being affected
by DROL. Therefore, confirmatory, future studies pre-
specifying this hypothesis are needed to replicate our current
findings. Furthermore, due to multiple statistical testing, some
statistically significant associations may have arisen by chance
(type I errors); nevertheless, applying a consistent criterion
across all associations allows patterns of association to be
inspected.

In summary, our data on the long-term follow-up at
approximately 7 years after the initiation of anti-VEGF
treatment shows that ILMA, based on the SD-OCT
criteria, is almost universal and that HRM is very frequent
and involves sub-RPE and subretinal compartments. Outer
retinal disorganization seems to be a key indicator of poor
VA at this stage of the disease. These findings are relevant
to ophthalmologists with respect to clinical management and
counseling and to researchers exploring relationships be-
tween function and morphology, particularly in the context
of nAMD treated with anti-VEGF drugs.
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Pictures & Perspectives

Lipemia Retinalis
A 48-year-old woman with diabetes was seen for retinopathy screening. Her vision was 20/20 in both eyes. A fundus examination

revealed creamy, white discoloration of the retinal vessels in both eyes, suggestive of lipemia retinalis (A, B). An OCT B-scan showed
increased reflectivity of the blood vessels because of the higher density of contents flowing through them (C, D). A fasting lipid profile
revealed a total cholesterol level of 1200 mg/dl, triglyceride level of 8260 mg/dl, high-density lipoprotein cholesterol level of 29 mg/dl, and
low-density lipoprotein cholesterol level of 666 mg/dl. There was a dramatic resolution of the fundus findings (E, F) and reduction in the
reflectivity of the blood vessels on OCT (G, H) after 4 weeks of fat-free diet and oral atorvastatin.
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