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Purpose. Ellipsoid zone (EZ) integrity is identified as a potential biomarker for therapy surveillance and outcome prediction of
visual acuity (VA). However, only a few studies report long-term results of over 1 year of clinical and anatomical changes in
patients with diabetic macular edema (DME). This study is aimed at describing the long-term VA and anatomical outcomes in
spectral domain optical coherence tomography (OCT) (relative ellipsoid zone reflectivity ratio, central macular thickness, and
volume) in patients with DME treated with antivascular endothelial growth factor (anti-VEGF) therapy. Furthermore, we
studied the correlation between EZ integrity and changes in visual acuity. Methods. 71 eyes of 71 patients were included in this
retrospective study. Clinical characteristics were reviewed yearly. OCT data were assessed at baseline and after 1, 3, and 5
years. EZ parameters were quantified automatically. OCT parameters and visual outcome were correlated and analyzed in
multivariable regression models. Results. EZ reflectivity ratio correlated with functional outcome in DME patients from
baseline to fifth year at all time points (for all p < 0.05). EZ reflectivity improved the most in the first year of treatment (0.68 to
0.75; p<0.05) and declined gradually until year 5 of therapy (0.71; compared to baseline p > 0.05). Similarly, best VA was
achieved after 1 year (0.40 logarithm of the minimum angle of resolution (logMAR) to 0.28 logMAR; p < 0.001) and declined
gradually until year 5. Final VA in year 5 was comparable to baseline (0.45 logMAR, compared to baseline p > 0.05). Together
with baseline VA, baseline EZ parameters did predict VA outcome after 1 year (p <0.05). Concordantly, VA and EZ
parameters from year 1 were associated with VA outcome in year 2. Conclusion. This study described the long-term course of
EZ changes during anti-VEGF treatment in DME patients. In addition, our results underlined the potential of EZ parameters
as novel OCT biomarkers for prediction of VA outcomes during therapy.

1. Introduction

Center involved diabetic macular edema (DME) is a sight
threatening manifestation in patients with diabetic retinopa-
thy [1-3]. Intravitreal antivascular endothelial growth factor
(anti-VEGF) injection has become the standard of care in
preventing further vision loss [4, 5]. Response to anti-
VEGEF treatment is evaluated by clinical and morphological
parameters in optical coherence tomography (OCT) [6, 7].
To date, it has been difficult to determine individual
response, disease activity, and potential visual preservation
over time. In the past, OCT parameters in clinical settings
have been limited to “global” measurements of retinal thick-

ness and macular volume. From recent research, it appears
that novel OCT biomarkers can be used to better understand
individual therapy response, disease progression, and
improve treatment [8] One of these emerging OCT bio-
markers is the relative ellipsoid zone reflectivity ratio
(EZR) [9]. In healthy eyes, the external limiting membrane
(ELM), ellipsoid zone (EZ), and retinal pigment epithelium
(RPE) are represented in OCT as hyperreflective bands. EZ
is defined as the hyperreflective band posterior to the ELM,
and its hyperreflectivity is assumed due to high mitochon-
drial density in the inner segments of photoreceptor cells,
indicating the vitality of these photoreceptors [9]. Changes
of optical reflectivity of EZ have been observed in retinal
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pathologies [10-12]. Previous studies demonstrated a corre-
lation of recovery of ellipsoid zone and visual acuity in reti-
nal diseases [10, 13-17]. In diabetic macular edema,
sequential restoration of EZ was observed after one year of
anti-VEGF treatment [18]. However, the long-term outcome
of EZR during anti-VEGF treatment remains unknown.
Additionally, in several studies, the quantitative analysis of
EZR was laborious and time consuming as the measure-
ments were manually obtained and mostly at a limited num-
ber of regions of interest [16, 19, 20]. The aim of this study is
to evaluate the ellipsoid zone outcome (EZR and EZ-RPE
distance) during a 3- to 5-year follow-up of DME patients
under anti-VEGF therapy and to find potential correlation
with the visual acuity outcome beyond 1 year after treatment
initiation. Our analysis of the EZ characteristics was greatly
facilitated by an automated quantitative examination of 27
regions of interest of fovea-centered OCT B-scan at each
time point. The evaluation is therefore objective and com-
prises 4833 measurements in total.

2. Materials and Methods

This was a retrospective study conducted at the University
Eye Hospital of Heidelberg, Germany. Local ethics commit-
tee approval was obtained from the University of Heidel-
berg. All study protocols adhered to the tenets of the
Declaration of Helsinki. This study was registered on the
German Clinical Trial Register (registration number:
DRKS00024399).

2.1. Study Cohort. We reviewed patients with treatment-
naive DME who began anti-VEGF therapy between 2010
and 2018 with a minimum of 3-year follow-up period at
our hospital. 5-year data was available from 37 out of 71
patients. VA was assessed yearly. OCT parameters were
quantified at baseline and years 1, 3, and 5. These time
points were chosen because several real-world studies with
long-term follow up in patients with DME showed that most
VA gain and structural changes were noticed at year 1, but
VA worsening was observed after 3 years [21-23]. There-
fore, evaluating OCT parameters changes at third year may
provide more insight in the changes of structural OCT
between the year 1 and year 5.

Exclusion criteria included age younger than 18 years,
retinal or glaucoma surgery before the first anti-VEGF injec-
tion, amblyopia, uveitis, and uncontrolled glaucoma. Pres-
ence of other retinal diseases associated with macular
edema such as retinal venous or arterial occlusive disease,
severe epiretinal membrane, alterations of outer retinal
layers, like drusen, pigment epithelium detachment, and
EZ atrophy due to age-related macular degeneration also
led to exclusion. Refractive error of more than 6 diopter
spherical equivalents, lack of OCT-scans at any time point,
or OCT imaging of low quality or signal strength (<30/35
with 35/35 being the best signal to noise ratio) that impaired
analysis were excluded. Patients who received anti-VEGF
injections in other clinics were excluded as well. If both eyes
were eligible for study inclusion, as study eye, we chose the
eye with the worse best corrected visual acuity at baseline.

Journal of Diabetes Research

Treatment initiation was our baseline point when
patients began to receive monthly intravitreal anti-VEGF
injections (ranibizumab, aflibercept, or offlabel bevacizu-
mab). This was followed by retreatment on the basis of treat
and extend regimen at the discretion of the treating ophthal-
mologist. The treatment decision was derived from the Ger-
man or European guideline for treatment that was valid at
that time [6, 24-26]. In the past, treat and extend regimen
has been continuously modified due to new findings or in
the attempt to further reduce injection burden. Some
changes in injection scheme also applied to our study popu-
lation from 2010 to 2018. For example, as early as 2010,
injection intervals were extended or shortened in a fixed 2-
week scheme. However, we subsequently also allowed a
shortening or extension of interval of only 1 week in cases
when overall treatment response was difficult to determine
to allow a closer observation of disease activity. Therefore,
we compared baseline statistics of the 3-year and 5-year
cohorts to confirm nonsignificant differences despite of dif-
ferent follow-up times. 31 patients received additional dexa-
methasone implants during therapy. All patients underwent
a comprehensive ophthalmologic examination at each visit,
which included measurement of the best-corrected visual
acuity (BCVA), slit-lamp biomicroscopy, indirect fundus-
copy, and spectral domain OCT (Spectralis, Heidelberg
Engineering, Heidelberg, Germany). At each visit, we
obtained the patient’s latest HbAlc serum level.

2.2. Optical Coherence Tomography Acquisition and Analysis

2.2.1. Image Acquisition. Images were obtained at each visit
using the Spectralis Spectral Domain OCT with HeyEx soft-
ware, versions 5.3.0.7 to 6.3.2.0 (Heidelberg Engineering
GmbH, Heidelberg, Germany). We used a 6 mm X 6 mm
macular cube line scan protocol to obtain the image data.
The scan recorded at baseline was set as reference to ensure
all subsequent OCT scans were acquired at precisely this
location. The horizontal B-scan through the foveola was
extracted for further analysis. All scans were applied in
high-resolution mode (512 pixels along the x-axis) and an
automated averaging of 9 frames for each line scan. Central
macular thickness (CMT) and macular volume (MV) were
obtained from device-integrated software.

2.2.2. Image Processing and Analysis. Logarithmic-trans-
formed display of OCT was exported as tagged image file
format (TIFF) using the integrated Heidelberg Eye Explorer
Software, version 1.10.4.0 (Heidelberg Engineering GmbH,
Heidelberg, Germany). Prior to image analysis, image regis-
tration and signal normalization were applied using Fiji soft-
ware, version 2.1.0/1.53¢c (US National Institutes of Health,
Bethesda, US. https://imagej.net/software/fiji/) [27]. The
foveola was used as center landmark for rigid image registra-
tion. OCT image with least speckle noise and best contrast
was used as reference for histogram matching to normalize
all OCT images. Longitudinal reflectance profile was
obtained at every 200 ym, thus resulting in 27 measurements
of each OCT scan. The width of each region of interest
(ROI) was set at 4 pixels (approximately 44 ym). Reflectance
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FIGURE 1: (a) Overview of regions of interest (ROI). In total, 27 measurements in 200 ym distance of each OCT B-scan were obtained and
analyzed. (b) shows a representative longitudinal reflectance profile at each ROI. Pixel intensity values ranged from 0 (black) to 255 (white)
on gray scale. Maxima values (“peaks”) are represented by red dots and minima values between the peaks that are represented by blue dots.

profiles were taken in an automated fashion using a custom-
ized script including plot profile extraction in Fiji. This
approach has been described elsewhere as a robust method
to access EZ integrity [11, 19, 20]. Manual adjustment was
not applied. Coordinates of peak values of the reflectance
profile were stored as numeric values in a Microsoft Excel
file (Microsoft Corp., Redmond WA, USA). Before retriev-
ing and averaging peak values, plausibility of designated
peak values was ensured by comparing plot profile and gen-
uine OCT images. In reflectance profile, retinal pigment epi-
thelium (RPE) is considered as the last hyperreflective band
in the outer retina, whereas the ellipsoid zone (EZ) is the sec-
ond hyperreflective band following the external limiting
membrane (ELM). Relative ellipsoid zone reflectivity (EZR)
was calculated as the ratio of EZ reflectivity to RPE reflectiv-
ity. The average value of EZR of the central 2000 ym (in total
10 measurements) was considered as central EZR (c-EZR),
and the average of all measurements (in total 27 measure-
ments) was considered as pooled EZR (p-EZR)
(Figure 1(a)). By averaging 27 measurements, shadowing
effects caused by local pathologies such as hyperreflective
dots or vessels that affect the optical reflectivity of underly-
ing structures were mitigated. Only peak distance between
EZ and RPE optical density more than 2 pixels (~22 ym)
was considered as two distinct peaks. Any peak distance
below that was considered a partial EZ attenuation or atro-
phy was therefore not counted as a peak value and thus
was not counted into the averaging calculation
(Figure 1(b)). These thresholds were chosen according to
the existing literature [28, 29].

2.3. Statistical Analysis. Snellen visual acuity was converted
to logMAR for statistical analysis. For descriptive analysis,
categorical data are presented as frequency and percentage
(n; %); continuous data are shown as means with standard
deviations (SD), median, and first and third quartile. Pear-
son’s chi’ test and Mann-Whitney U test were applied to
test for differences between independent groups. Spearman’s

Rho (p) was used for correlation analysis. For variance anal-
ysis, the Friedman test was applied to test for differences of
continuous parameters across follow-up time points. Multi-
ple variable linear regression analyses were performed to
evaluate the effect of baseline parameters and mean changes
between baseline and 1 year on visual outcome after 1 and 2
years, respectively. Multicollinearity, intercorrelation
between independent variables that potentially can lead to
model overfitting, was evaluated with variation inflation fac-
tor testing, and no models were run with variation inflation
factor over 3 for any prediction. Statistical analysis was per-
formed in IBM SPSS Statistics software version 27.0 (IBM
Corp., Armonk, NY, USA); two-sided p < 0.05 was consid-
ered as statistically significant.

3. Results

3.1. Study Population. The mean age of the entire cohort
was 59 (range: 42-79 years). In total, 45 patients were male
(63.40%). 5-year data was available from 37 of 71 patients
(71 eyes) (52%). At presentation, all eyes received the first
intravitreal injection of one of three anti-VEGF medica-
tions: 74.60% got bevacizumab as first injection, 19.70%
got ranibizumab, and 5.60% received aflibercept. During
the observation period, between 2010 and 2018, the treat-
ment guidelines were occasionally updated. Therefore, we
compared the baseline characteristics of patients with
and without 5-year data to confirm that both subgroups
were comparable at baseline despite the difference in
follow-up time (Table 1). There was no significant differ-
ence in the distribution of sex, age, and HbAlc serum
level in both cohorts (p>0.05). The number of patients
who received laser treatment (focal or panretinal laser
coagulation) prior to first injection and patients with pseu-
dophakic study eyes was similar in both groups (p > 0.05).
In the first year, the 3-year group received on average two
more injections than the 5-year group (5-year group
mean: 4.97; 3-year group: 7.00; p=0.004). However,
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TaBLE 1: Demographics and characteristics for patients with 5-year data (n = 37) compared to patients with only 3 years of follow-up (n = 34).

Baseline variables

With 5-year data (n = 37)

Only 3-year data (n = 34)

Mean (SD) Median (Q1; Q3) Mean (SD) Median (Q1; Q3) P
Age (years) 57.54 (8.04) 57.00 (51.00; 63.00) 61.67 (8.80) 63.00 (54.00; 68.00) 0.051°
HbAlc (%) 7.19 (1.27) 6.95 (6.49; 7.88) 7.40 (0.96) 7.37 (6.76; 7.60) 0.886°
VA in logMAR at baseline 0.39 (0.29) 0.30 (0.15; 0.59) 0.42 (0.37) 0.37 (0.10; 0.58) 0.799°
f;‘t’)li‘t’fafyzﬁif reflectivity ratio 0.69 (0.17) 0.70 (0.59; 0.81) 0.67 (0.16) 0.68 (0.59; 0.81) 0.756°
Pooled EZ-RPE distance (in pixel) 11.24 (1.53) 11.04 (9.89; 12.27) 11.33 (3.43) 10,81 (10.07; 11.63) 0.475°
Central retina thickness (in ym) 409.86 (133.22) 367.00 (312.00; 470.00)  419.30 (121.96) 370.50 (321.75; 489.75) 0.600°
Central macular volume (in ym3) 10.55 (2.19) 9.93 (9.18; 11.53) 10.50 (1.70) 10.39 (9.10; 11.20) 0.756°
n (%) n (%)

Male sex 26 (70.30) 19 (55.90) 0.229"
Laser treatment before treatment 15 (40.54) 9 (26.47) 0.315"
Pseudophakia before treatment 7 (18.91) 12 (35.29) 0.180"
Variables during observation

Received dexamethasone implants 1.51 (2.90) 0.00 (0.00; 2.00) 1.62 (2.13) 0.50 (0.00; 3.00) 0.444°
Injections per year 5.11 (1.67) 5.08 (3.83; 6.20) 5.83 (1.75) 5.70 (4.27; 6.94) 0.777°
Injections in first year 4.97 (2.35) 5 (3.00; 6.00) 7.00 (2.88) 6.00 (5.00; 10.00) 0.004°

logMAR: logarithm of the minimum angle of resolution; p-EZR: pooled relative ellipsoid zone reflectivity; c-EZR: central relative ellipsoid zone reflectivity; EZ:
ellipsoid zone; RPE: retinal pigment epithelium; SD: standard deviation; Q1: first quartile; Q3: third quartile. p values from "Mann-Whitney U test and
TPearson’s chi” test. Values in italic front style denote statistical significance at the p < 0.05 level.

injection frequency per year was not significantly different
in both groups. During observation time, the number of
received dexamethasone implants was not significantly dif-
ferent in both groups (p >0.05). Overall, baseline charac-
teristics were similar in both groups.

3.2. Visual Acuity, Central Retinal Thickness (CRT), and
Central Macular Volume. VA was assessed yearly. OCT
parameters including EZR and EZ-RPE distance, central
macular thickness, and macular volume were retrieved at
the start of treatment and after 1, 3, and 5 years. Changes
of VA from treatment initiation to fifth year for the entire
cohort are shown in Figure 2. Mean VA improved signifi-
cantly from 0.40 logMAR (SD: 0.33) at baseline to 0.28 log-
MAR after 1 year (SD: 0.27; p <0.001). The improvement
was maintained until year 3. After 4 and 5 years, mean VA
declined to 0.44 logMAR (SD: 0.30) and 0.45 logMAR (SD:
0.32), which was comparable to baseline VA (for 4 and 5
years: p > 0.05 compared to baseline). Figure 3(a) represents
the mean changes in CRT. Reduction of CRT was significant
for all follow-up time points compared to baseline (for all
time points: p < 0.05). Overall, CRT was reduced by approx-
imately 46 ym after 1 year compared to baseline (from
414pym (SD: 127.12) to 368 um (SD: 132.96), p<0.05).
CRT reduced continuously until year 5 to 297 um (SD:
88.15; p<0.05). Mean central macular volume was
10.52um’ at baseline and significantly decreased at 1-
(9.84um’ SD: 2.19; p<0.001) and 3-year follow-up
(9.33 ym’; SD: 1.79; p < 0.001). Mean central macular vol-
ume at year 5 was 8.66 um” and was significantly lower than
at baseline (p < 0.001) (Figure 3(b)).

n =37 (52%) with 5-year follow up
0.60 . BRI . . .

0.50—
0.40—

0.30+

Visual acuity in LogMAR

0.20+

0.10+

— entire cohort (n=71)
error bars: 95% CI

FIGURE 2: Mean visual acuity changes in logMAR from baseline to
fifth year. Purple line represents the entire cohort (n =71 until year
3). 4-year and 5-year data were available from 37 patients (dotted
line). The 95% confidence interval is shown as error bars. Mean
VA improved most in the first year. Improved mean VA was
maintained until year 3. After 4 years, mean VA was worse than
baseline VA despite continued therapy.

3.3. EZ-RPE Reflectivity Ratio and EZ-RPE Distance. Follow-
ing initiation of anti-VEGF therapy, mean p-EZR improved
from 0.68 (SD: 0.17) to 0.75 (SD: 0.15) in the first year
(p<0.001) and declined gradually to 0.71 (SD: 0.17) after
5 years (compared to baseline: p > 0.05) (Figure 3(c)). Mean
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F1Gure 3: Longitudinal changes of OCT parameters from baseline to fifth year. Purple line represents the entire cohort (n = 71 until year 3).
The 95% confidence interval is represented by error bars. (a) Central retinal thickness and (b) central macular volume decreased significantly
during continuous therapy (p < 0.05). (¢, d) show mean pooled and central EZ-RPE reflectivity ratio changes. (e, f) demonstrate mean
pooled and central EZ-RPE distances.

c-EZR improved from 0.62 at baseline (SD: 0.22) to 0.71 than at baseline (for all time points p < 0.05) (Figure 3(d)).
(SD: 0.18) in year 1 for the entire cohort (p < 0.001). The Baseline pooled EZ-RPE distance significantly reduced dur-
improvement of c-EZR was maintained at year 3 (0.71, SD:  ing therapy from 11.29 pixel (SD: 2.60) at baseline to 10.43
0.18) and declined in year 5 (0.69, SD: 0.20) after initiation (SD: 1.24) at year 1 (p <0.01) and 10.74 (SD: 1.49) at year
of therapy. c-EZR at all time points was significantly higher = 5 (p <0.01) (Figure 3(e)). Baseline central EZ-RPE distance
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TaBLE 2: Correlation analysis of visual acuity and OCT parameters at baseline, 1, 3, and 5 years. Spearman’s correlation coefficient p between
visual acuity and OCT parameter at each time point is shown. *p < 0.05; **p < 0.01; ***p < 0.001.

Baseline

Visual acuity

Year 1 Year 3 Year 5

Baseline
Year 1
Year 3
Year 5

Pooled EZR

Baseline
Year 1
Year 3
Year 5

Central EZR

Baseline 0.25*
Year 1
Year 3
Year 5

Baseline
Year 1
Year 3

Year 5

Pooled EZ-RPE distance

0.28*

Central EZ-RPE distance

-0.52"**

-0.52%**

-0.56"*"
-0.52%**
-0.59***

-0.65**
-0.56**"
-0.55%**

0.26"**
0.31*
0.24

0.23
0.26"
0.27

reduced from 12.60 pixel (SD: 3.70) to 10.91 (SD: 1.63) after
1 year (p <0.01), 11.00 (SD: 2.72) in year 3 (p < 0.05), and
10.91 (SD: 1.62) in year 5 (p < 0.05) (Figure 3(f)).

3.4. Correlation and Regression Analysis. At all time points,
VA was significantly correlated to p-EZR (p ranged from
-0.52 to -0.59, p < 0.05 at all time points). Correlation of c-
EZR to VA was moderately higher than the p-EZR in the
first and third year (p ranged from -0.52 to -0.65, p < 0.05
at all time points). Compared to EZR, pooled and central
EZ-RPE distance showed lower yet significant correlation
to VA at baseline and third year (Table 2). Mean VA
improvement from baseline to year 3 was significantly corre-
lated with improvement of c-EZR (p = -0.31, p < 0.01), cen-
tral EZ-RPE distance (p=0.26, p<0.05), reduction of
central retinal thickness (p =0.40, p = 0.003), and improve-
ment of macular volume (p = 0.40, p <0.001). Analysis with
5-year data revealed significant correlation between changes
of VA, pooled, and central EZR after 5 years compared to
baseline (p = —0.41 to -0.44, p < 0.05). c-EZR was best corre-
lated to VA change. Correlation to VA change was not sig-
nificant for mean change of EZ-RPE distance and mean
macular volume changes (p > 0.05) (Table 3).

Regression models were controlled for age at treatment
initiation, injection frequency in the first year, and baseline
VA, which correlated strongly to VA improvements at all
follow-up time points (p <0.001). Mean change of EZ
parameters was tested separately due to multicollinearity to
predict change in VA at 1 year. Baseline pooled (R* = 0.52,
p<0.001) and central EZR (R? =0.51, p < 0.001) as well as
pooled (R*=0.52, p<0.001) and central (R*=0.53, p<
0.001) EZ-RPE distance predicted change in VA after 12
months when controlled for the abovementioned variables.

TaBLE 3: Correlation analysis of changes in visual acuity and OCT
parameters between baseline to third year and baseline to fifth year.
Spearman’s correlation coefficient p between change of visual
acuity and OCT parameter at each time point is shown. *p < 0.05;
**p<0.01; ***p <0.001.

Change of OCT parameters
at the same time period

Change in visual acuity
Baseline to year 3 Baseline to year 5

Pooled EZR -0.21 -0.41%
Pooled EZR-RPE distance 0.21 0.33*
Central EZR -0.317" -0.44%*
Central EZ-RPE distance 0.26" 0.21
CRT 0.40** 0.34*
Macular volume 0.40** 0.07

Likewise, for prediction of VA at year 2, when controlled
for age at treatment initiation, injection frequency per year,
and VA after 1 year, 1-year pooled (R*=0.52, p<0.001)
and central EZR (R*=0.53, p<0.001) as well as 1-year
pooled (R*=0.50, p<0.001) and central (R*=0.50, p <
0.001) EZ-RPE distance predicted change in VA at year 2.
We further evaluated the predictive value of age at treatment
initiation for EZ restoration after 1 and 3 years. For this pur-
pose, regression models were controlled for injection fre-
quency in the first year, baseline VA, and baseline c-EZR
or p-EZR. Adding age at treatment initiation as an addi-
tional independent variable, R? increased from 0.40 to 0.46
(p <0.001) for the prediction of c-EZR at 1 year and from
0.57 to 0.62 (p =0.004) for the prediction of p-EZR after 1
year. It suggests that age at treatment initiation as a single
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variable explained approximately 5-6% of the variation of c-
EZR and p-EZR after 1 year. However, this relationship was
not significant for the prediction of 3-year EZ integrity with
1-year VA, injection frequency per year, c-EZR, and p-EZR
(p>0.05).

4. Discussion

We investigated the long-term changes of ellipsoid zone integ-
rity during anti-VEGF therapy in DME patients in a real-
world setting by evaluating the efficacy of EZ parameters in
correlating and predicting VA outcomes at different time
points. We followed patients for three years and five years after
treatment initiation, in marked contrast to previous analyses
which looked at functional and structural outcomes in diabetic
patients over an observational period of mostly one year [7, 12,
30]. One earlier study did include clinical data of up to 4 years
but did not include OCT parameters. [21] We focused on
using OCT data. Previous studies included structural OCT
parameters such as ellipsoid zone reflectivity, but mostly this
was a qualitative analysis undertaken by masked graders,
who categorized the grade of EZ disruption, or if a quantitative
analysis was performed then it mostly was done manually [15,
18, 31]. Both qualitative and manual quantitative methods can
be laborious and can potentially introduce bias from subjective
judgment. Additionally, subtle differences in gray pixel values
may be difficult to detect by masked graders. Recently, semi-
or fully automated quantification methods were developed to
facilitate objective analysis [32, 33]. In our study, we took
advantage of image preprocessing and EZ parameters that
we obtained in an automated way and included the average
of 27 measurements of each fovea-centered OCT B-scan. Fur-
thermore, we assessed both pooled and central EZ parameters
to evaluate if the number and location of regions of interest
affect the correlations between VA und EZ integrity. Notably,
the correlation coefficient between central EZR and VA was
slightly higher than pooled EZR at specific follow-up time
points (years 1 and 3). The difference was considerably small.
However, it hints that analyzing the central 2000 ym with
multiple measurements might be sufficient for EZ analysis.
Involving the entire OCT B-scan for analysis did not lead to
a better correlation between VA and EZ integrity. Changes
of c-EZR from baseline to year 5 were more strongly correlated
to change of VA from baseline to year 5 than CRT. This was
already described by Shen et al. when they retrospectively eval-
uated EZ, ELM, CRT, and VA outcome in 40 DME patients
[34]. Overall, correlation between EZ-RPE distance and VA
was lower than correlation between EZR and VA. Changes
of macular edema or retinal thickening which altered the ret-
inal anatomy might have compromised distance measure-
ments. It is questionable if volumetric quantification as
performed by Ehlers et al. in en-face OCT projections can alle-
viate these limitations [10, 35]. Overall, we observed similar
strength of correlations between EZ parameters and VA as
in enface analysis used by Ehlers’ group. In addition, Ehlers
et al. used research-based software for EZ mapping that is
not readily available to wide-spread clinical usage. In contrast,
obtaining EZ reflectance profiles as performed in this study

can be easily accomplished by clinicians by using the open-
source platform Fiji.

Our results were in accordance with previous studies,
which demonstrated that EZR was directly correlated to
VA [14] and VA improvement in the first year of treatment
[10, 16, 31, 36]. De et al. analyzed the integrity of the ELM
and EZ in treatment-naive DME patients at baseline and
after three injections [18]. Subsequent restoration of ellip-
soid zone was observed after three injections. Otani et al. ret-
rospectively studied cross-sectional OCT B-scans in 154 eyes
with DME and demonstrated that the length of preserved
ELM and photoreceptor inner segment/outer segment junc-
tion (currently termed EZ) at the fovea correlated with VA
[37]. Ehlers et al. conducted a posthoc analysis of the VISTA
study and analyzed the EZ integrity in 106 eyes of DME
patients over approximately 2 years [10]. The authors con-
cluded that in contrast to EZ parameters, subretinal fluid
volume, central subfield retinal volume, and thickness were
not significantly correlated to VA after 2 years. They found
out that several EZ parameters such as central EZ-RPE vol-
ume and thickness were associated with VA throughout
the follow-up period.

In our study, a significant correlation between EZ integ-
rity and VA was observed until 5 years after initiation of
therapy. We found that the most contributing predictor for
VA outcome was baseline VA, a finding which has been
reported previously by several authors [35, 38, 39]. Com-
bined with EZ parameters, multivariable linear regression
models showed that the visual outcome at 1 year can be pre-
dicted. Our study showed that age at treatment initiation has
a predictive value for the EZ restoration at 1 year, which
supports previous reports about increasing age being a neg-
ative predictive factor for final VA outcome [40]. These
results underline the potential utility of EZ parameters as
predictive OCT biomarkers to estimate VA changes after 1
year, which has been described in several retinal diseases
associated with macular edema [10, 12, 18, 19, 35]. Further
studies with prospective design and larger cohorts are
needed to evaluate the predictive value of these biomarkers
on overall outcomes and potential improvement in disease
management in patients with diabetic macular edema.

The strengths of our study include the relatively long
follow-up time of up to 5 years, the real-world setup, and
the automated quantification of ellipsoid zone parameters.
The limitations of our real-world study included its retro-
spective design, small cohort size, and nonstandardized VA
assessment instead of the use of ETDRS charts. The study
cohort is heterogeneous due to different onset of treatment
initiation, follow-up time, and individualized combination
of different anti-VEGF agents as well as dexamethasone
implants. These are critical aspects of a real-world study that
may negatively impact the main findings. The effects of dif-
ferent anti-VEGF agents on EZ integrity may differ, but this
was not evaluated in the current study. Larger cohort size
would enable stratification of patients into subgroups
according to clinical or anatomical features which could
prove to be helpful in characterizing the value of EZ param-
eters as biomarkers for individualizing the course of treat-
ment. For instance, Chatziralli et al. observed that the



extent of EZ restoration was dependent on the pattern of
diabetic macular edema after 1 year of ranibizumab treat-
ment in DME patients. Therefore, stratifying according to
DME subtypes may enable better understanding of the reti-
nal dynamics in treatment response. The lower injection fre-
quency that we noted in the first year in the 5-year cohort
was likely due to different treatment protocols at an earlier
time. However, total injection frequency per year was non-
significantly different in both 3-year and 5-year cohort, so
that baseline characteristics are overall evenly distributed
in the entire cohort. In addition, regression analysis was con-
trolled for injection frequency.

In this study, we did not include other OCT biomarkers
that might affect visual outcome in DME, such as hyperre-
flective foci or disorganization of the inner retinal layers
(DRILSs) [15, 41]. Nadri et al. found out that DRILs were cor-
related to the severity of diabetic retinopathy and EZ disrup-
tion [15]. Sun et al. confirmed that DRILs had predictive
values for short-term VA outcome at 1 year [41]. However,
including more biomarkers that are related to each other
in a regression model might lead to an overfitted model,
one that can be challenging to interpret and to evaluate the
effect of single variables. Here, we focused on EZ changes
and its direct correlation to VA changes; therefore, other
OCT parameters were excluded.

All our patients received anti-VEGF agents as first line
therapy; therefore, the isolated effect of dexamethasone on
OCT biomarkers such as EZ integrity was not evaluated. EZ
integrity has been identified as a positive predictor for VA gain
in patients with treatment naive or refractory DME who
received dexamethasone implants [42, 43]. Our findings sup-
port a positive correlation between EZ restoration and VA
improvement. However, Zur et al. did not follow morphologic
parameters after dexamethasone implantation; hence, it
remains unclear how dexamethasone affects EZ restoration
in eyes with treatment naive DME [42]. It is suggested that
dexamethasone and anti-VEGF agents target different patho-
physiological pathways [44]. The anti-inflammatory effect of
dexamethasone may provide a better resolution of OCT bio-
markers that presumably represent signs of retinal inflamma-
tory response such as hyperreflective foci or serous
detachment of neuroepithelium [45]. In our study, we
observed a decline of EZ restoration after 3 years but did not
further investigate the relationship between EZ integrity and
other biomarkers. The potential association between EZ resto-
ration and severity of retinal inflammatory signs in DME is an
interesting aspect that has not been fully elucidated. Overall,
further studies are needed to evaluate the long-term changes
of VA and OCT biomarkers in DME treated with anti-
VEGF or dexamethasone as first-line agents.

5. Conclusions

In summary, relative ellipsoid zone reflectivity ratio represents
an additional potential biomarker to evaluate the course of
anti-VEGF treatment in DME patients. Our results confirmed
the relationship between EZ integrity and VA changes from
baseline to year 5 and thus demonstrated the relationship
beyond 1 year after initiation of therapy. However, further
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investigation is needed to evaluate the predictive value of EZ
integrity as a biomarker on the overall outcome.
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