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Abstract

Purpose To investigate the association of retinal fluid volume with the visual and anatomic outcomes of patients with diabetic
macular edema (DME) after treatment with bevacizumab.

Study design Retrospective observational study.

Methods We retrospectively analyzed 65 eyes of 58 DME patients treated with bevacizumab. The volumes of the inner
intraretinal fluid (IRF) in the inner nuclear layer (INL), outer IRF in the outer plexiform layer (OPL)/outer nuclear layer
(ONL), and subretinal fluid (SRF) were calculated. The correlations between the baseline fluid volumes and best-corrected
visual acuity (BCVA), area of disorganization of the retinal inner layers (DRIL), disrupted external limiting membrane
(ELM), and disrupted ellipsoid zone (EZ) at 12 months after treatment were assessed.

Results The baseline volume of the inner IRF correlated with poor BCVA at the final visit (r = 0.52, P < .001) whereas the
baseline volume of the outer IRF and SRF volume did not show a significant correlation with BCVA at the final visit (P =
.07 and P = .61, respectively). The improvement in BCVA correlated with the reduction in the baseline volume of the inner
IRF and outer IRF (r = 0.25, P = .04 and r = 0.36, P = .003), but not with the SRF volume (P = .59). The baseline volume
of the inner IRF correlated positively with the area of DRIL and the disrupted ELM at the final visit (r = 0.56, P < .001 and
r=0.25, P = .04, respectively). Such relationship remained in each quadrant of the macula (P < .005 for all quadrants).
Conclusion The baseline volume of the inner IRF correlated with a poor visual outcome, an increased DRIL area, and a
more disrupted ELM area in patients with DME after treatment with bevacizumab.

Keywords Diabetic macular edema - Disorganization of retinal inner layers - Inner nuclear layer - Intraretinal fluid - Retinal
fluid volume

Introduction

Diabetic macular edema (DME) is the most common cause
of vision loss in diabetic retinopathy [1]. The breakdown of
the blood-retinal barrier contributes to fluid collection as
intraretinal fluid (IRF) and subretinal fluid (SRF), leading
to deterioration in vision [2].
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Previous studies have attempted to determine the influ-
ence of fluids on clinical outcome after treatment with
antivascular endothelial growth factor (VEGF). However,
conflicting responses have been reported when DME is cat-
egorized by its edema pattern or when fluid diameters were
measured [3-7]. These inconsistent results could be due to
the different approaches used to acquire 3-dimensional struc-
tures with a lower dimensional index. In addition, the pres-
ence of multiple fluids of various volumes makes it difficult
to choose a representative one to measure. Therefore, we
speculated that calculating the summed volume of multiple
fluids could be more precise to reflect the pathomorphologic
status.

In addition to volumetric analysis, the categorization of
the fluid along with the horizontal and depth distributions
can provide additional information about DME. Horizon-
tally, the density of photoreceptors decreases with distance
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from the center. Therefore, augmenting the volume of fluids
in the central area could provide a better correlation with the
clinical outcome [8]. The depth distribution of IRF is com-
posed of IRF in the inner nuclear layer (INL) and of IRF in
the outer plexiform layer (OPL)/outer nuclear layer (ONL)
[9]. However, little is known about the clinical significance
of the IRF in each layer.

Disorganization of the retinal inner layers (DRIL) is a
known anatomic marker of the inner retina indicating poor
visual outcome in DME [10, 11]. Because multiple IRFs are
frequently observed in the INL at baseline, we hypothesize
that DRIL at the final visit might correlate with the IRF in
INL. A disrupted ellipsoid zone (EZ) and the external limit-
ing membrane (ELM) are 2 recognized morphologic factors
associated with visual acuity. They are also worth investigat-
ing concerning their correlations with fluid volumes.

In this study, we assessed the correlations of baseline vol-
umes of IRF in INL, IRF in OPL/ONL, and SRF with the
visual outcomes of patients with DME after bevacizumab
treatment. We also tried to optimize the correlation coef-
ficient by weighting the fluid volumes in the central space
with a diameter of 1.5 mm. Finally, we investigated the cor-
relations of the baseline fluid volumes with the anatomically
disrupted area at the final visit, including the DRIL, ELM,
and EZ.

Patients and methods
Patients’ data

We retrospectively reviewed the medical records of patients
with DME treated at the Department of Ophthalmology,
Konkuk University Medical Center between January 2013
and December 2016. This study followed the tenets of the
Declaration of Helsinki. It was approved by the institutional
review board of Konkuk University (KUH1100049). The
inclusion criteria were as follows: type 2 diabetes melli-
tus; central macular thickness (CMT) > 300 pm shown on
spectral-domain optical coherence tomography (SD-OCT);
decimal best-corrected visual acuity (BCVA) between 0.1
and 0.8 (Snellen equivalent 20/200-20/25); DME treated
with 1 or more intravitreal injections of bevacizumab; and
follow-up of at least 12 months. Eyes were excluded if they
had previous vitrectomy; laser photocoagulation within the
previous 6 months; ocular diseases other than diabetic retin-
opathy; high myopia (> 6 spherical D); or poor image qual-
ity for segmentation. We screened 169 eyes of DME patients
treated with bevacizumab injections and excluded 12 eyes
with glaucoma, 44 eyes treated with laser photocoagulation
within the previous 6 months or previous vitrectomy, and
2 eyes with high myopia. Forty-six eyes were additionally
excluded because of poor image qualities for segmentation.

The remaining 65 eyes of 58 patients were included. Each
patient underwent a complete ophthalmic examination
including medical and ocular histories with ophthalmo-
logic examination including BCVA, fundus photography,
and SD-OCT using a Spectralis HRA+OCT (Heidelberg
Engineering).

All the patients were treated with intravitreal injections of
bevacizumab (1.25 mg/0.05 mL, Avastin). Patients received
3 injections at 4-to 6-week intervals, except 7 eyes whose
DME was resolved after 1 or 2 injections. Additional injec-
tions were given if needed. The final visit was defined as the
visit nearest to 12 months after the initial treatment.

Image analyses

The volume scan covered an area of 9 mm x 6 mm. It con-
tained 25 scans spaced at 250 um. Scans at baseline and at
the final visit were selected for the analyses. Whole scans
of each eye were exported in JPG format and uploaded into
ImageJ software version 1.50 (https://imagej.nih.gov/ij) [12].

The fluids were defined as follows. Inner IRF was defined
as a hyporeflective lesion located in the INL. Outer IRF was
defined as a hyporeflective lesion located in the OPL and/or
ONL. SRF was defined as a hyporeflective area between the
neurosensory retina and retinal pigment epithelium (RPE).
DRIL was originally defined as the horizontal extent for
which any boundaries between the ganglion cell-inner plexi-
form layer complex, INL, and OPL could not be identified
within a 1-mm diameter area [11]. In this study, we modi-
fied the definition as the disorganization within a 3-mm area
to match with the volumetric analysis of the fluids. ELM
was defined as a hyperreflective band beneath the ONL and
above the EZ. The EZ was defined as a second hyperreflec-
tive band above the RPE.

The volume of fluid within the 3-mm-diameter cylin-
der was calculated by multiplying the area of fluid of the
B-scans in the cylinder by the thickness of the scan. The
inner IRFs, outer IRFs, and SRFs within the 13 B-scans were
manually segmented using Image]J (Fig. 1a). These scans
were arrayed and thickened to 250 pm to make rectangu-
lar blocks (Fig. 1b). Whole blocks were cropped with their
boundaries taking the shape of the of 3-mm- and 1.5-mm-
diameter cylinders. The B-scans from the middle of these
blocks were then extracted (Fig. 1c). From these scans, the
volume of fluid was calculated by multiplying the area by
250 pm (Fig. 1d). Because the boundary of the 1.5- and
3-mm cylinders extended only to the middle of the blocks
at both ends, the areas of the fluids at both ends were mul-
tiplied by 125 um. All volumes from the 13 blocks were
summed to obtain the total volume (Fig. 1e). To analyze the
area of DRIL, disrupted ELM, and disrupted EZ at the final
visit, the lesions were manually lined to 1 pixel in thick-
ness. The areas of these lesions within the 1.5-mm- and
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Fig. 1 Construction of 3-dimensional volume of fluid and calculation
of the volume from optical coherence tomography B-scans. a Intraret-
inal fluids (IRFs) in the inner nuclear layer (red color), IRFs in the
outer plexiform layer/outer nuclear layer (green color), and subretinal
fluid (blue color) were manually segmented. b The thickness of each
scan was lengthened to 250 um. Blocks were cropped into a cylinder

3-mm-diameter cylinders were calculated in a similar way
to that for the calculation of the fluid volume.

Two graders (H.L. and K.E.K.) segmented the lesions in
the dataset containing the B-scans from 33 eyes and 32 eyes,
respectively. Owing to a limitation of time and effort for
manual segentation, the intergrader reliability was tested in
520 B-scans of 20 eyes (1 eye had 13 B-scans at baseline and
13 B-scans at the final visit). Ten eyes from each grader’s
dataset were randomly selected and gathered. Each grader
independently segmented the lesions of these 20 eyes, and
the intraclass correlation coefficient (ICC) was calculated
for the pixel counts of all the segmented lesions. When the
consistency of segmentation was confirmed by the ICC, the
remaining eyes in each grader’s dataset (23 eyes in the data-
tset of H.L., 22 eyes in the dataset of K.E.K.) were further
segmented by each grader. Finally, the supervisor (H.C.K.)
reviewed all the individual segmentations and corrected
errors if required with open discussion.

To assess the spatial correlation between the baseline
volume of the inner IRF and the area of DRIL at the final
visit, the macula area was divided into 4 quadrants: super-
otemporal, superonasal, inferotemporal, and inferonasal. The
correlation was then analyzed for each quadrant.

Weighting of the fluid volume within the central
1.5-mm area

Because the cone photoreceptor density was the highest
at the center, the impact of the central fluid was assessed
by weighting the volumes within the central 1.5-mm area.
The weighting was done by multiplying the original fluid
volumes within the central 1.5-mm area 2- and 3-fold. The
weighted central volume was then added to the outside fluid
volume. In addition to the original volume, these weighted
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with a diameter of 3 mm (circle on the top). ¢ Thirteen B-scans were
selected from the cylinder, each of which was spaced 250 um apart.
d To obtain the volume of the fluids, their areas were multiplied by
their thicknesses: 250 um for the central blocks and 125 um for both
ends. e The volumes of all 13 blocks were summed to obtain the total
volume of each fluid

volumes of the central area were subjected to correlation
analyses to find the one that had the highest correlation with
the visual acuity at baseline and at the final visit [8].

Patients groups according to treatment response

A poor responder was defined as eyes with no reduction, a
reduction of less than 50 pm, or an increase in central retinal
thickness (CMT) at 3 months after the initial anti-VEGF
injection as compared with baseline. A good responder was
defined as the group of eyes that did not fulfill the criteria for
poor responders. Because the enrolled patients were treated
on an as-needed basis, the number of injections differed
according to each patient’s status.

Statistical analyses

Statistical analyses were performed using SPSS version 18.0
(SPSS). Snellen visual acuity was converted to logarithm
of the minimal angle of resolution (logMAR) BCVA for
the statistical analyses. Probability values less than .05 were
considered significant. The ICC was calculated for the vol-
umes and areas of the manually segmented lesions assessed
by the 2 graders. The Pearson correlation coefficient was
calculated to assess the relationship between the fluid vol-
ume and the BCVA. Changes in the values after treatment
were evaluated using a paired ¢ test. The Mann-Whitney test
was performed to compare the parameters between the good
responders and the poor responders. To find the visual prog-
nostic factor, baseline factors that showed significant corre-
lation with the final visual acuity on univariable regression
analysis were entered into multivariable regression analysis
in a stepwise manner.
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Results
Patients’ characteristics

This study included 65 eyes of 58 patients whose average
age was 57.9 + 11.5 years with a mean follow-up period
of 13.9 + 1.8 months (range, 12—18 months). The mean
logMAR BCVA at baseline was 0.34 + 0.24 and the mean
number of bevacizumab injections was 3.8 + 1.4. The
mean durations of DM and hypertension were 14.2 + 8.6
years and 6.1 + 8.1 years, respectively. The mean glycated
hemoglobin (HbA1C [%]) level at baseline was 8.1 + 1.8.
Regarding the grade of diabetic retinopathy at baseline,
4 patients (6.2%) had mild NPDR; 8 (12.3%), moderate
NPDR; 18 (27.7%), severe NPDR; and 35 (53.8%),PDR.

Fluid characteristics and visual acuity at baseline

The ICC for all segmented lesions between the 2 graders
was 0.90 (P = .01). At baseline, inner IRF, outer IRF, and
SRF within a 3-mm area were observed in 57 (87.7%),
63 (96.9%), and 28 (43.1%) eyes, respectively. The mean
fluid volumes of inner IRF, outer IRF, total IRF, and SRF
within a 3-mm area at baseline were 0.04, 0.21, 0.25, and
0.04 mm?, respectively (Table 1).

The mean outer IRF volume was significantly higher
than the mean inner IRF volume and SRF volume at base-
line (both P < .001). No significant difference was found
between the mean inner IRF volume and the mean SRF
volume at baseline (P = .85).

The baseline BCVA was poorer than the BCVA at the
final visit (Table 1). A positive correlation was found
between the baseline BCVA and the final BCVA (r = 0.58,
P <.001). The poorer baseline BCVA correlated with the
larger baseline volumes of inner IRF, outer IRF, and total
IRF within a 3-mm area (r = 0.48, P < .001; r = 0.40, P
=.001; r =0.47, P < .001, respectively), but not of SRF
(r=-0.01, P =.97).

Correlation of fluid volumes at baseline with visual
acuity at the final visit

The baseline volume of inner IRF within a 3-mm area
significantly correlated with the BCVA at the final visit (r
= 0.52, P < .001), whereas the baseline volume of outer
IRF did not (» = 0.23, P = .07) (Fig. 2a, 2b). The total IRF
volume within a 3-mm area at baseline also correlated
with the BCVA at the final visit, while the baseline SRF
volume did not (r =0.32, P =0.01 and r = 0.07, P = .61,
respectively) (Fig. 2c, d).

Table 1 Parameters at baseline and at the final visit

Factors Baseline Final visit P
BCVA, logMAR 0.34 +0.24 0.26 +0.23 .002
Volume of fluids, mm?
Within 3-mm area
Inner IRF 0.04 +0.05 0.04 +0.07 .66
Outer IRF 0.21 +£0.22 0.07 +£0.11 .001
Total IRF 0.25 +£0.24 0.10 £ 0.14 .001
SRF 0.04 +0.18 0.002 + 0.01 .048
Within 1.5-mm area
Inner IRF 0.02 + 0.04 0.02 + 0.05 .81
Outer IRF 0.10 £ 0.12 0.03 +0.05 .001
Total IRF 0.13 +£0.12 0.05 +0.08 .001
SRF 0.03 +£0.08 0.002 + 0.009 .003
Area, mm?
DRIL 0.13+0.25 -
Disrupted ELM 0.54 +0.83 -
Disrupted EZ 099 +1.18 -

BCVA best corrected visual acuity, logMAR logarithm of the minimal
angle of resolution, inner IRF intraretinal fluid volume in the inner
nuclear layer at baseline, outer IRF intraretinal fluid volume in the
outer plexiform layer/outer nuclear layer at baseline, SRF subretinal
fluid at baseline, DRIL disorganization of the retinal inner layers,
ELM external limiting membrane, EZ ellipsoid zone

Means =+ standard deviations are depicted

Weighting the volume of the inner IRF at baseline at the
central 1.5-mm area as 2-fold or 3-fold did not improve its
correlation with the BCVA at the final visit (r = 0.50, P <
.001 and » = 0.48, P < .001, respectively). Weighting the
outer IRF volume at baseline in the central area showed
that it was not significantly correlated with the final BCVA
(r=0.22,P=.08 and r =0.12, P = .07). Meanwhile, the
baseline BCVA correlated significantly with the BCVA at
the final visit (r = 0.58, P < .001).

We performed a multivariable regression analysis on the
BCVA at the final visit using baseline factors including base-
line BCVA and volumes of inner IRF, outer IRF, total IRF,
and SRF within a 3-mm area. The final BCVA was improved
when the baseline BCVA was better and the inner IRF vol-
ume at baseline was smaller (R = 0.42, P < .001; Table 2).

Change in fluid volume and its association
with change in visual acuity

The presence of inner IRF, outer IRF, and SRF within the
3-mm area was reduced in 47 (72.3%), 51 (78.5%), and 5
(7.7%) eyes, respectively, at the final visit. The mean vol-
umes of outer IRF and SRF within the 3-mm area were also
reduced at the final visit (P < .001 and P = .04, respec-
tively), whereas the inner IRF volume was not significantly
changed (P = .66; Table 1).
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Fig.2 Scatterplots showing correlations between fluid volumes at
baseline and visual acuities at the final visit. The line of best fit is
drawn when there is a significant correlation. a Volumes of baseline
inner intraretinal fluid (IRF) in the inner nuclear layer (INL) within
the 3-mm area correlated with the minimal angle of resolution (log-
MAR) best-corrected visual acuity (BCVA) at the final visit (r =
0.52, P < .001). b The baseline volume of the outer IRF in the outer
plexiform layer (OPL)/outer nuclear layer (ONL) within the 3-mm
area did not correlate with the logMAR BCVA at the final visit (r =
0.23, P = .07). ¢ The total baseline IRF volume within the 3-mm area
correlated with the logMAR BCVA at the final visit (r = 0.32, P =

Table 2 Baseline factors associated with the final BCVA as shown by
multivariate regression analysis

Baseline factors Standardized beta P
BCVA, logMAR 0.41 <.001
Inner IRF 0.33 .004
Outer IRF N/A N/A
Total IRF N/A N/A
SRF N/A N/A
Age 0.19 .05
Sex -0.08 .39

BCVA best corrected visual acuity, logMAR logarithm of the minimal
angle of resolution, inner IRF intraretinal fluid volume in the inner
nuclear layer at baseline, outer IRF intraretinal fluid volume in the
outer plexiform layer/outer nuclear layer at baseline, SRF' subretinal
fluid volume at baseline, N/A not applicable owing to elimination
from the stepwise multivariate regression analysis

Adjusted for age and sex

The mean change in the logMAR BCVA after treatment
was -0.09 + 0.22. The improvement in BCVA was associ-
ated with reduction in both the inner and the outer IRF vol-
umes within the 3-mm area (r = 0.25, P = .04 and r = 0.36,
P = .003, respectively; Fig. 2e, f). The reduction in the total
IRF volume within the 3-mm area had the highest correlation
with improvement in BCVA (r = 0.39, P < .001; Fig. 2g).
The change in the SRF volume within the 3-mm area did not

@ Springer

LogMAR BCVA at Final Visit ©
iid
g8 W
8 ¢ 8¢
8
°
° 5
o
LogMAR BCVA at Final Visit Q.
139 E >
>
>
>
>

0 o5 1 15 0 02 04 06 08 1

Baseline Volume of Total IRF (mm?) Baseline Volume of SRF (mm?)

9. h o
y =030x-0.04 r=-007
£ .1 r=03 ° £ 0.0 p-05 N
I I
«Q «Q A
4 <
g g o2 S
s S i
> B o -
o o
8 s 8 ‘o om  am o, .oid o
z
5. 602 N
% s N
& §os N
2 2
S 5 PN
. 08 H
2

Volumetric Change of Total IRF (mm?3)

Volumetric Change of SRF (mm?)

.01). d The subretinal fluid (SRF) volume at baseline did not correlate
with the logMAR BCVA at the final visit (r = 0.07, P = .61). e Volu-
metric change in the inner IRF within the 3-mm area correlated with
the change in the logMAR BCVA (r = 0.25, P = .04). f The volumet-
ric change in the outer IRF within the 3-mm area correlated with the
change in the logMAR BCVA (r = 0.36, P = .003). g The volumet-
ric change in the total IRF within the 3-mm area correlated with the
change in the logMAR BCVA (r = 0.39, P < .001). h The volumetric
change in the SRF within the 3-mm area did not correlate with the
change in the logMAR BCVA (r =-0.07, P = .59)

correlate significantly with the change in BCVA (r =-0.07, P
=.59; Fig. 2h).

Fluid volumes at baseline according to treatment
reponse

The good responder group comprised 38 eyes (58.5%), while
the poor responder group comprised 27 eyes (41.5%). When
we compared the morphologic parameters at baseline and at
the final visit between the good and the poor responder groups,
the baseline inner IRF volume within the 3-mm area did not
differ significantly between the 2 responder groups (good vs
poor: 0.05 mm? vs 0.03 mm’; P = .39). On the other hand, in
the good responder group, the baseline volumes of the outer
IRF, total IRF, and SRF within the 3-mm area were higher than
those of the poor responder group (good vs poor: 0.26 mm?
vs 0.14 mm?, P = .048; 0.30 mm’ vs 0.17 mm’, P = .04; 0.07
mm? vs 0.01 mm?, P = .02; respectively).

The visual acuity at baseline or at the final visit did not
differ significantly between the 2 groups (0.39 vs 0.28, P =
.08 and 0.25 vs 0.26, P = .50, respectively).

Anatomic changes at the final visit and their
association with fluid volumes at baseline

The DRIL area at the final visit did not correlate signifi-
cantly with the area of disrupted ELM or EZ at the final
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visit (r=0.19, P =.13 and r = 0.20, P = .11, respectively).
The BCVA at the final visit correlated significantly with the
areas of all 3 lesions (DRIL, disrupted ELM, and disrupted
EZ) at the final visit (r = 0.43, P < .001; r = 0.39, P = .001;
r=0.44, P < .001, respectively).

The baseline volume of the inner IRF within the 3-mm
area was associated with the area of DRIL at the final
visit and with the area of disrupted ELM at the final visit
(Table 3). However, its correlation with the area of EZ at the
final visit was not significant (Table 3). The volume of outer
IRF within the 3-mm area at baseline did not correlate sig-
nificantly with any anatomic changes, including the DRIL,
ELM, and EZ (Table 3). The total IRF volume within the
3-mm area at baseline was associated with the area of DRIL,
but not with the area of disrupted ELM or EZ, at the final
visit (Table 3). The volume of SRF within the 3-mm area
at baseline did not correlate significantly with any anatomic
changes in the areas of the DRIL, ELM, or EZ (Table 3).
Representative cases are depicted in Figure 3.

When the 3-mm area was divided into quadrants, the
baseline inner IRF volume in each quadrant correlated with
the DRIL area at the final visit (superotemporal: r = 0.34, P
=.004; superonasal: r = 0.44, P < .001; inferotemporal: r =
0.38, P =.002; inferonasal: r = 0.39, P = .002, respectively).

Discussion

We investigated the effect of 3-dimensionally quantified
fluids on visual acuity and anatomic change in DME. To
analyze the characteristics of the multiple, 3-dimensionally
distributed fluids more precisely, we summed the volumes
of the fluids within the macula and assessed their effect on
the visual and anatomic outcomes at 1 year after treatment
with bevacizumab. In addition, we assessed the effect of
IRF volume at baseline on the visual outcome by dividing
it into 2 categories according to their location: INL and
OPL/ONL. Byeon and colleagues [13] investigated the
OCT findings of focal and diffuse DME identified on flu-
orescein angiography. A diffuse leakage pattern revealed

that IRF was located in the INL. The authors postulated
that this IRF came from the deep capillary plexus. On the
other hand, a focal leakage pattern usually indicated IRF in
the OPL/ONL. This fluid was suggested to originate from
microaneurysms. It was reported in another study that the
height of IRF in ONL is negatively associated with BCVA
at the same time point [14]. These characteristics of IRF
in the inner and outer layers prompted us to hypothesize
that the volumes of inner and outer IRF at baseline could
have different clinical impacts.

Our results revealed that the inner IRF volume within the
3-mm area at baseline correlated with the final BCVA, while
the outer IRF at baseline did not. The volume of the total
IRF at baseline equivalent to conventional IRF significantly
correlated with the final BCVA. However, the volume of the
total IRF within the 3-mm area at baseline did not remain
significant in the multivariable regression model for final
visual outcome. Therefore, previous conflicting results about
the effect of IRF on visual outcome could be attributed to
the varied ratios of inner IRF to outer IRF as well as to the
nonvolumetric approach. On the basis of these results, the
inner IRF volume at baseline can be used as a new prognos-
tic factor for visual outcome in DME.The negative effect
of the inner IRF volume at baseline on visual outcome can
be explained by damage to the bipolar cell body: bipolar
cells can connect the signal from photoreceptors to gan-
glion cells and their mechanical stretching by IRF formation
could result in dysfunction of the cell body, as suggested in
a previous study using microscopic data [15]. Because the
cell body of the bipolar cell resides in the INL, increased
IRF volume in the INL can damage the cell body. Given
the absence of correlation between the baseline outer IRF
volume and the final BCVA, damage to the axon is supposed
to be more reversible when the cell body is not directly dam-
aged . In addition, the damaging effect by the inner IRF
at baseline did not seem to be permanently detrimental to
visual function because the BCVA was improved according
to the reduction in the inner IRF volume in our correlation
analysis with marginal significance (P = .04). However, this
result was not considered to be clinically significant because

Table 3 Correlation of fluid

. Lo Baseline factors DRIL Disrupted ELM Disrupted EZ

volumes at baseline with visual

acuity-associated parameters at r P r P r P

the final visit
Inner IRF 0.56 <.001 0.25 .04 0.20 12
Outer IRF 0.22 .08 -1.16 22 -0.12 .33
Total IRF 0.32 .01 -0.08 .53 -0.03 .84
SRF -0.09 49 0.07 .60 0.10 42

Inner IRF intraretinal fluid volume in the inner nuclear layer at baseline, outer IRF intraretinal fluid volume
in the outer plexiform layer/outer nuclear layer at baseline, SRF subretinal fluid volume at baseline, DRIL
area of disorganization of the retinal inner layers disrupted ELM area of disrupted external limiting mem-
brane, disrupted EZ area of disrupted ellipsoid zone
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Fig.3 Two cases showing an association between the baseline inner
intraretinal fluid (IRF) in the inner nuclear layer (INL) and disorgani-
zation of the retinal inner layers (DRIL) at the final visit on optical
coherence tomography. a Right eye of a 60-year-old woman whose
initial BCVA was 20/80. At baseline, the inner IRF (arrow heads) and
outer IRF in the outer nuclear layer (ONL) (asterisks) were promi-
nent on the left side of the fovea in comparison with the right side
(arrows). b At 12 months after 4 injections of bevacizumab, the upper
and lower margins of the INL on the left side of the fovea were vague
(arrow heads) and completely disorganized (between dashed lines)

the mean change in the inner IRF volume in all the patients
was not significant (P = .66).

Next, we tested whether accentuation of the baseline IRF
volume in the central 1.5-mm area could enhance the predic-
tive power for the visual prognosis because the density of
cone cells is highest at the foveal center. However, weighting
of the central volume of the inner IRF did not improve the
correlation with BCVA, indicating that the impact of the
inner IRF within the 1.5-mm area was not more significant
than that within the perifoveal area, which was contrary to
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when compared with the right side (arrows). The final visual acuity
was 20/200. ¢ Another case showing the right eye of a 48-year-old
man. The initial BCVA was 20/25. Inner IRF (arrow heads) and mul-
tiple outer IRFs (asterisks) were present on the right side of the fovea.
A relatively intact margin of the ONL was observed (arrows). d At 12
months after 5 injections of bevacizumab, the upper and lower mar-
gins of the INL were smudged in the location where the inner IRF
previously existed (between dashed lines) when compared with the
perifoveal area (arrows). The final visual acuity was 20/30

what we had expected. This feature seems to be specific to
DME because a similar approach on age-related macular
degeneration has shown that the predictive power could be
increased by augmenting the fluid volume of the central area
[8]. Fluid lesions within the 3-mm area in DME might be
distributed more evenly than in AMD, in which the patho-
logic lesions are more focused in the central foveal area.
Therefore, weighting the fluid volume within the 1.5-mm
area in DME might not play a significant role in augment-
ing the effect of the total fluid, leading to no significant
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difference being found in the results between weighting and
not weighting.

The visual acuity at the final visit and the inner IRF
volume within the 3-mm area at baseline did not differ
significantly between the good and the poor responders.
Therefore, the division of patients based on CMT reduc-
tion is not thought to reflect the final visual acuity, or its
associated baseline factor—inner IRF volume. This discrep-
ancy between change in CMT and final visual outcome has
also been found in previous studies [16, 17]. Therefore, we
thought that quantitative investigation of the subcomponents
of the pathologic changes such as inner IRF, outer IRF, and
SRF instead of CMT could provide more information about
the association between the structural change in the retina at
baseline and the visual outcome after treatment.

The DRIL area at the final visit was associated with the
baseline volume of the inner IRF within the 3-mm area. The
DRIL was defined as the presence of a region on the B-scan
of OCT where the boundaries between the ganglion cell and
inner plexiform layer complex, inner nuclear layer, and outer
plexiform layer could not be separately identified, and the
DRIL was associated with poor visual outcome in DME [11,
18]. The vague retinal layer boundary of the DRIL at the
final visit is thought to represent anatomically disrupted cells
that participate in the visual transmission pathway [11, 19].
While no histologic evidence exists to support this hypoth-
esis, recent prospective studies have intensified the clinical
implication of DRIL as an OCT marker associated with vis-
ual outcome [20, 21]. The INL is a common location shared
by both the DRIL and the inner IRF. The development of
inner IRF in the INL could induce mechanical damage to
the adjacent cells and eventually disrupt the boundaries
around the INL in OCT, resulting in DRIL at the final visit.
Moreover, the correlation between the inner IRF volume
at baseline and the DRIL area in each macular quadrant at
the final visit showed their spatial association in addition to
their quantitative relationship shown above. However, it was
hard to conclude that the inner IRF at baseline contributed
to poor visual outcome through the formation of DRIL at
the final visit because we did not analyze the DRIL at base-
line owing to the difficulty in discriminating the DRIL from
coarse backgrounds containing hard exudates and inner IRFs
at baseline. Nevertheless, the inner IRF volume at baseline
still has an advantage in helping to predict visual outcome
and the area of DRIL at the final visit because the boundary
of the inner IRF is easier to be segmented than that of DRIL
in edematous retina. OCT with a higher resolution might
enable segmentation of DRIL at baseline with reliability,
disclosing the contribution of baseline DRIL and inner IRF
to the formation of DRIL more clearly.

In addition, the baseline inner IRF volume within the
3-mm area correlated with the disrupted ELM area, but
not with the disrupted EZ area at the final visit. The ELM

is the junctional complex between Miiller cells and pho-
toreceptors [22, 23]. It maintains the integrity of the pho-
toreceptors’ inner segments by forming a diffusion barrier
between the subretinal space and the inner retina. Dis-
turbance of the ELM might lead to an imbalance in the
oncotic pressure or protein gradient, allowing neurotoxic
blood constituents to translocate to the subretinal spaces
with concomitant exacerbation of photoreceptor dysfunc-
tion. For this reason, we can speculate why the disrupted
ELM could be a good predictor of poor visual outcome
even though the ELM is not associated with direct damage
to the photoreceptors [24]. The EZ is the inner segment
ellipsoid zone containing densely packed mitochondria
that support energy consumption of photoreceptors [25].
For this reason, a disrupted EZ is thought to be directly
associated with poor visual outcome [26, 27]. The insig-
nificant correlation between the inner IRF and EZ can be
interpreted as a weakened negative influence on the EZ
because the EZ is farther than the ELM from the patho-
logic environment associated with the inner IRF.

This study has several limitations. First, the region of
interest was confined to a 3-mm area only. The volume of
fluids outside the 3-mm ring could have also affected the vis-
ual and anatomic outcomes. Second, the wide spacing of the
B-scans (250 um) could not fully reflect the real morphology
of the lesion. Denser B-scans are needed to better describe
these lesions. Third, manual delineation is a time-consuming
process. An artificial intelligence algorithm that can segment
these lesions automatically will reduce the time needed for
volume calculation. Finally, the retrospective nature of this
study and the small number of patients are limitations. For
a better result, a prospective study with larger data will be
required.

In conclusion, an increased volume of IRF in the INL
at baseline is negatively associated with visual acuity after
anti-VEGF treatment in DME. Also, we can anticipate an
increased DRIL area after treatment from the volume of IRF
in the INL at baseline.
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