Egyptian Journal of Ophthalmology (MOC) 2023;3(3):127-136

Optical coherence tomography biomarkers after intravitreal anti-vascular endothelial

growth factor for diabetic macular edema
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ABSTRACT

Objective: The study aims to determine the association between the functional and the anatomical responses after intravitreal
anti- VEGF injection for cases of non-tractional DME and the baseline SD-OCT biomarkers.

Study Design: a prospective, single-center, observational study.

Patients and Methods: The study included 51 eyes of 35 Patients with non-tractional DME with central subfield thickness
(CST) of more than 250 micrometers. Baseline SD-OCT biomarkers and BCVA were detected. All patients received monthly
intravitreal anti-VEGF injections of bevacizumab 1.25 mg/0.05 ml for 3 months with reassessment of BCVA and OCT
parameters one month after the 3rd injection.

Results: Of the 51 eyes, 15 were functional responders and 28 were anatomical responders. There were a statistically
significant association between the functional response and combined DME (p= 0.015) and between it and the subretinal fluid
(p=0.050), while on associating functional response to DRIL, hyperreflective foci, ellipsoid zone integrity and ELM integrity;
there were statistically insignificant associations (p =0.884, 0.409, 0.971 and 0.971 respectively). A statistically significant
association was found between the anatomical response and the subretinal fluid (p = 0.004) with no statistically significant
associations between it and other OCT biomarkers.

Conclusion: Although multiple OCT biomarkers were used as predictors for the functional response after IVI of anti-VEGF in
cases of non-tractional diabetic DME, only the type of macular edema and the presence of subretinal fluid were with
significant association with the functional response in this study. Further larger studies with longer duration are needed
Keywords: OCT biomarkers - DME - intravitreal anti-VEGF.

INTRODUCTION: of diabetic retinopathy and existence of epiretinal membrane or
Complications from diabetes mellitus (DM) are common hard exudation were used as predictors for the visual outcome
causes of losing vision. A common complication of DM is in diabetic macular edema’.

diabetic macular edema (DME) due to leakage from retinal Spectral domain—optical coherence tomography (SD-OCT) is
vasculature'>. DME affects about 30% of all patients with DM a non-invasive imaging tool providing reliable images of
for more than 20 years’. The detection of reliable markers of retinal anatomy. It allows measurement of central macular
the present and future visual acuity (VA) in DME patients is thickness which was correlated in many studies with the

considered of highly medical importance. Patient age, severity visual outcome in cases of DME*'?. Ever since screening of
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patients with DME by SD-OCT biomarkers became into
focus. These biomarkers include pattern of macular edema,
disorganization of inner retinal layers (DRIL), subretinal
fluid, hyper reflective foci, ellipsoid zone (EZ) integrity and
external limiting membrane (ELM) integrity. SD-OCT

biomarkers assumed to be significant predictors for
progression of the disease and also to be important indicators
of the current and the future visual outcome in eyes with
DME >4

The aim of the study is to determine the association between
the functional and the anatomical responses after treatment
with intravitreal anti- VEGF injection for cases of non-
tractional diabetic macular edema and the baseline SD-OCT
biomarkers.

PATIENTS AND METHODS:

This was a prospective, observational, analytical, non-
randomized study applied on 51 eyes of 35 diabetic patients
presented to the retina subspecialty clinic in Kasr Al Ainy
hospital, Cairo University from February 2018 to September
2018. All selected patients received an explanation of the
study aims and design. An informed consent was obtained
from all patients. All procedures performed in the study
followed the 1964 Helsinki declaration and its later
amendments.

Study Population:

Inclusion Criteria:

Patients with non-tractional DME with central sub field
thickness (CST) of more than 250 micrometers that was
documented by SD-OCT. They were all candidate for anti-
VEGTF intravitreal injection (IVI]) as a treatment for DME.
Exclusion Criteria:

Patients who were treated with retinal laser photocoagulation
or intravitreal anti-VEGF injection within the last 6 months,
patients with ischemic maculopathy detected by fundus
fluorescein angiography (FFA), patients with media opacity
significantly reducing OCT scan signal level and patients
who underwent cataract surgery within the last 6 months
were excluded from the study.

Data collection:

History (including; personal history, present history, history

of systemic diseases, history of ocular diseases, history of

ocular treatments or previous surgery) was taken from all
patients. All patients underwent a full comprehensive
ophthalmological examination in the form of best corrected
visual acuity (BCVA) using Snellen’s chart, slit lamp
examination of the anterior segment, fundus examination by
binocular indirect slit lamp biomicroscopy (+90D or +78D),
IOP measurement by Goldmann applanation tonometry.
HbAI1C (glycosylated hemoglobin) was ordered and FFA was
done to exclude ischemic maculopathy for all patients.
Baseline SD-OCT was done using RTVue 6.2 (optovue Inc,
Fremont, CA) for all patients before the injection of
intravitreal anti-VEGF. Enhanced macular map 5 (EMMY)
scan was used to detect central sub field thickness (CST)
which is measured according to this device as the distance
between the vitreoretinal interface (internal limiting
membrane) and the outer border of the photoreceptor outer
segment. The SD-OCT radial scan was used to detect the
pattern of macular edema, disorganization of retinal inner
layers (DRIL), subretinal fluid, hyper-reflective foci,
ellipsoid zone integrity and external limiting membrane
integrity. All patients underwent monthly intravitreal anti-
VEGF injections of bevacizumab 1.25 mg/0.05 ml (Avastin)
for 3 months.

Reassessment of BCVA and OCT parameters were carried
out one month after the 3rd injection.

Outcome Measures:

1- Detection of the functional responders one month after
the third injection of intravitreal bevacizumab 1.25
mg/0.05 ml (Avastin). the functional responders were
defined as those who gained 2 lines of BCVA
(measured by Log MAR).

2- Detection of the association between the functional
response and between the baseline OCT biomarkers of
diabetic macular edema.

3- Detection of the anatomical responders one month
after the third injection of intravitreal bevacizumab
1.25 mg/0.05 ml (Avastin). The anatomical responders
were defined as those who had decrease of central

subfield thickness by 10%.
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4- Detection of the association between the anatomical
response and between the baseline OCT biomarkers of
diabetic macular edema.

Statistical analysis:

The sample size was calculated by cox proportional hazards
model. Data were entered and coded using the statistical
package SPSS (Statistical Package for the Social Sciences)
version 25. Data was summarized using median, minimum,
maximum, mean and standard deviation in quantitative data
and for categorical data; frequency (count) and relative
frequency (percentage) were used. The non-parametric
Kruskal-Wallis and Mann-Whitney tests were used for
Comparisons between quantitative variables. The non-
parametric Wilcoxon signed rank test was used for

comparison of serial measurements within each patient. Chi

square test was performed for comparing categorical data.
When the expected frequency is less than 5, exact test was
used instead. Correlation between quantitative variables was
done using Spearman correlation coefficient. P-values less
than 0.05 were considered statistically significant.
RESULTS:

Fifty one eyes of 35 patients were included in this study. The
mean age of the patients was 56.37+8.12 years (range,43 to
81 years). The mean duration of diabetes was 12.754+8.32
years (range, 0.17 to 40 years). The mean HbAlc was
8.3+£1.82% (range, 5.6 to 13.5%). Eleven eyes of 7 patients
were  pseudophakic ~with a mean duration of
phacoemulsification surgery of 3.11£2.78 years (range,0.58
to7 years). The demographic and clinical data of the patients

are shown in table (1).

Table (1): the demographic and clinical data of the patients (n=51 eyes of 35 patients):

Count %
M 15 42.9%
Sex
F 20 57.1%
Type of DM type 2 35 100.0%
Insulin 20 57.1%
Treatment of DM
OHD 15 42.9%
Yes 11 21.6%
History of intraocular surgery
No 40 78.4%
Laser 8 15.7%
IVI 6 11.8%
History of IVI or Laser or no history
laser and injections 2 3.9%
None 35 68.6%
oS 27 52.9%
Laterality
(0))) 24 47.1%
PDR 6 11.8%
Retinopathy severity
NPDR 45 88.2%
Clear 20 39.2%
Lens status Pseudophakic 11 21.6%
IMSC 20 39.2%

M, male; F, female; DM, diabetes mellitus; OHD: oral hypoglycemic drugs, IVI, intravitreal injection; OD, oculus dexter ; OS,

oculus sinister; PDR, proliferative diabetic retinopathy; NPDR, non proliferative diabetic retinopathy; IMSC, immature senile

cataract.
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The pre injection BCVA (Log MAR), Pre injection CST, Post injection BCVA (Log MAR) and Post injection CST of the
patients are summarized in table (2)

Table (2): The pre injection BCVA, Pre injection CST, Post injection BCVA and Post injection CST of the patients
(n=51 eyes):

Mean Standard Deviation Median Minimum Maximum
pre injection BCVA (Log MAR) 0.79 0.38 0.78 0.18 1.80
Pre injection CST (um) 443.39 130.51 423.00 289.00 826.00
Post injection BCVA (Log MAR) 0.62 0.35 0.60 0.00 1.30
Post injection CST (nm) 366.90 115.22 349.00 179.00 719.00

BCVA, best corrected visual acuity; logMAR, logarithm of the minimal angle of resolution; CST, central subfield thickness;
pm, micrometer.

The Pre injection and the Post injection OCT morphological features of all patients are included in table (3) (figures 1,2,3)
Table (3): The Pre injection and the Post injection OCT morphological features of the patients (n=51 eyes):

Pre-injection Count Pre injection % Post injection Count Post injection %

Diffuse 5 9.8% 7 13.7%
Pattern of edema Cystoid 18 35.3% 17 33.3%
Combined 28 54.9% 27 52.9%
Yes 28 54.9% 28 54.9%
DRIL
No 23 45.1% 23 45.1%
Yes 20 39.2% 9 17.6%
Subretinal fluid
No 31 60.8% 42 82.4%
Yes 43 84.3% 47 92.2%
Hyperreflective foci
No 8 15.7% 4 7.8%
Interrupted 27 52.9% 29 56.9%
Ellipsoid zone integrity
Intact 24 47.1% 22 43.1%
Interrupted 27 52.9% 29 56.9%
ELM integrity
Intact 24 47.1% 22 43.1%

DRIL, disorganization of inner retinal layers ; ELM, external limiting membrane.
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Figure (1): pre-injection OCT of an eye with combined edema, hyperreflective foci, interruption of EZ and ELM and
subretinal fluid (left ). Post-injection OCT with decreased edema and decreased subretinal fluid (right). This eye was functional
responder (pre-injection BCVA was1.8 and post-injection BCVA was 0.78) and anatomical responder (pre-injection CST was

414 um and post-injection CST was 256 um).

Figure (2): pre-injection OCT of an eye with DRIL ,cystoid edema and hyperreflective foci (left ). Post-injection OCT with
mild decrease of edema (right). This eye was functional responder (pre-injection BCVA was 0.6 and post-injection BCVA was

0.3) and anatomical responder (pre-injection CST was 434 pm and post-injection CST was 370 um).

Figure (3): Pre-injection OCT of an eye with cystoid edema (left ). Post-injection OCT with persistence of edema (right). This

eye was functional non responder (pre-injection BCVA was 0.78 and post-injection BCVA was 0.78) and anatomical non

responder (pre-injection CST was 349 pm and post-injection CST was 375 pm).

The count and the percentage of functional and the anatomical responders are shown in table (4).
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Table (4) Count and percentage of the functional and

anatomical responders (n=51 eyes):

Count %
Functional Yes 15 29.4%
responder No 36 70.6%
Anatomical Yes 28 54.9%
responder No 23 45.1%

A statistically significant association was found between
the functional response and pre-injection BCVA (P= 0.015) ,
the better the pre-injection BCVA , the better the functional
response . There was statistically insignificant association
between the functional response and the pre-injection CST (P
=0.942)

The relation between the functional response and the type
of treatment used for DM showed that there was a
statistically significant relation between the functional
response and patients treated with insulin (p = 0.047), while
on relating the functional response to age, duration of DM,
HbAlc, sex, history of intraocular surgery, history of laser or
IVI, eye laterality, retinopathy severity and lens status, there
were statistically insignificant relations (P =0.221, 0.505,
0.356, 0.743, 0.141, 0.311, 0.562, 1 and 0.252 respectively).
The association between the functional response and the
baseline SD-OCT biomarkers:

Regarding the association between the functional
response and baseline OCT morphological features, There
was a statistically significant association between the
functional response and combined DME (p = 0.015) and
between it and subretinal fluid (p = 0.05), while on
associating functional response to DRIL, hyperreflective foci,
ellipsoid zone integrity and ELM integrity; there were
statistically insignificant associations (p =0.884, 0.409, 0.971
and 0.971 respectively).

There were statistically insignificant associations between
the anatomical response and the pre-injection BCVA and the
pre-injection CST (p =0.270 and 0.252).

The anatomical response was better in absence of history

of surgery, history of laser or IVI and in phakic patients (P
=0.014, 0.018 and 0.028 respectively), while on relating

anatomical response to age, duration of DM, HbAlc ,sex,
treatment of DM, eye laterality and retinopathy severity,
there were statistically insignificant relations (P =0.425,
0.580, 0.824, 0.275, 0.788, 0.642 and 1 respectively).

The association between the anatomical response and the
baseline SD-OCT biomarkers:

Regarding the association between the anatomical
response and baseline OCT morphological features. There
was a statistically significant association between the
anatomical response and presence of subretinal fluid (p =
0.004), while on associating anatomical response to the
pattern of edema, DRIL, hyperreflective foci, ellipsoid zone
and ELM integrity , there were statistically insignificant
associations (P=0.320, 0.180, 0.422, 0.921 and 0.921
respectively).

DISCUSSION:

DME is an important cause of loss of vision in patients
with diabetes mellitus whether insulin- dependent or non—
insulin-dependent. Diabetic macular edema can develop at
any stage of retinopathy. Gradual onset of blurring of vision
is usually the early presenting symptom of most patients.
With the progression of the disease, profound visual loss can
develop with increased macular thickness and cysts
formation. Specialized techniques such as SD-OCT have
become an important diagnostic tool for the diagnosis and
management of this condition'’.

With the improved visualization of retinal anatomy
offered by OCT, some of the OCT parameters could be used
as predictors of visual outcome with various treatment
methods. Some patients with DME show poor visual outcome
despite complete resolution of edema with good anatomical
response® .Our study aimed to determine if certain SD-OCT
findings can be used as biomarkers to predict the final visual
outcome in eyes with DME after treatment with anti-VEGF
therapy. The OCT-based biomarkers included in our study
were the pattern of macular edema, DRIL, subretinal fluid,
hyperreflective foci, and the integrity of both ellipsoid zone
and external limiting membrane.

51 eyes were prospectively observed. All eyes were
subjected to full ophthalmological examination and OCT

imaging of the macula; then they received monthly
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intravitreal anti-VEGF injections (bevacizumab 1.25
mg/0.05ml) for 3 months, followed by reassessment of the
OCT parameters and BCVA one month after the 3rd
injection. Functional responders were defined as those eyes
that gained 2 lines of BCVA (measured by Log MAR), while
anatomical responders were defined as those eyes that had
reduction of central subfield thickness by 10%. Functional
responders were 15 eyes (29.4%) and functional non
responders were 36 eyes (70.6%). On the other hand,
anatomical responders were 28 eyes (54.9 %) and anatomical
non responders were 23 eyes (45.1%).

In our study, there was a statistically significant
association between the functional response and pre-injection
BCVA. the better the pre-injection BCVA , the better the
functional response .This was in contrast to a study by Santos
et al. in which 67 eyes were injected with ranibizumab; no
difference was found across the different functional response
groups (poor, moderate and good responders) in relation to
the baseline BCVA'S.

Additionally, a significant difference between functional
responders and non responders was found regarding the type
of anti-diabetic treatment; with a higher likelihood of being a
functional responder if the patient was on insulin rather than
oral hypoglycemic drugs. This result was in contrary to the
result of Matsuda et al. study, which showed no difference in
visual outcome between patients treated with oral
hypoglycemic drugs and patients treated with insulin'”.

Associations between BCVA and OCT parameters such
as presence of subretinal fluid, hyperreflective foci,
intraretinal cysts, disruption of ELM and ellipsoid zone in
eyes with DME have been suggested by some studies'®?’.
These associations have not been reliable enough to predict
visual acuity and most of the reported studies were
retrospective in mixed treatment cohorts. In our study, a
statistically significant association was found between the
functional response and pattern of DME, where the combined
edema was the most common pattern in the functional
responder group. This result was in contrary with Santos et
al. that found no such difference between the different
patterns'® .On the other hand, Alkuraya et al. declared that

diffuse edema has a better visual outcome than cystoid

edema''. Also, Yaamoto and his colleagues reported
significantly worse visual acuity with diabetic cystoid
macular edema than with diffuse retinal swelling with no
cystoid edema®’.

In the current study, there was a statistically significant
association between the functional response and presence of
subretinal fluid. However, Santos, et al'® ,Sun et al** and
Eraslan et al® concluded that the association between the
subretinal fluid and the functional response was not
statistically significant. Sophie et al. declared that eyes with
subretinal fluid had a better visual outcome®. However,
Alkuraya et al. declared that eyes with subretinal fluid had a
worse visual outcome'".

On the other hand, no statistically significant association
was encountered between the functional response on one
hand and DRIL, hyperreflective foci, EZ integrity and ELM
integrity on the other hand. These findings were in agreement
with what was found by Sun et al. who did not find
between VA and neither of

significant associations

hyperreflective foci nor ELM disruption®.

22,24 have

However, other studies identified DRIL,
affecting 50% of the I-mm central retinal zone , as a
parameter with high association with current and future
vision loss in eyes with DME. They also reported that the
increase of DRIL during treatment was associated with
decrease of BCVA. But again, these data were obtained
retrospectively as part of routine clinical care rather than
being part of a research protocol.

Maheshwary and his associates™ found a statistically
significant correlation between the percentage of ellipsoid
zone disruption and BCVA. Also, Eraslan et al.”> and Tto et
al.?® found that there was a strong correlation between VA
and the integrity of the ELM and ellipsoid zone unlike the
current study in which there was no such association.

In our study, there was no statistically significant
association between the presence of hyperreflective foci and
the functional response. This agreed with Sun et al.** and a
meta analysis of Ganne et al’’ .Unlike Uji et al. who
declared that hyperreflective foci is closely associated with

EZ and ELM disruption and decreased BCVA®.
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Larger hyperreflective foci found in outer retinal layers on
SD-OCT were assumed to be related to microexudates.
whereas the fine hyperreflective dots, which are scattered
through all retinal layers, correspond to activated microglia,
this was supported by a greater decrease in the number of fine
hyperreflective dots in patients treated with dexamethasone
implants compared to anti-VEGF agents due to the anti-
inflammatory effect of dexamethasone®.

Regarding the anatomical response, on relating it to
history of previous procedures, we found that a larger
percentage of patients who underwent cataract extraction or
received I'VI or laser treatment showed less reduction of CST
than those who did not receive any previous procedures. On
associating the anatomical response to the subretinal fluid, we
found that the presence of subretinal fluid was a good
predictor for a reduction in CST. Also, Sophie et al. reported
that in ranibizumab-treated patients, the decrease of CST was
predicted by prominent subretinal fluid causing large
neurosensory detachment™.

Limitations of our study were the relatively small sample
size and the short follow-up period although certain studies
found that early visual response is a beneficial factor in
predicting a long-term visual response’’. Longer prospective
studies with larger sample size are needed to evaluate
variable OCT biomarkers.
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