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Purpose: To characterize the changes in contrast sensitivity (CS) and retinal anatomy in 
patients with center involving diabetic macular edema (CDME) measured from baseline to 
post-loading doses of aflibercept.
Patients and Methods: This single center, prospective, open-label, non-controlled evalua-
tion of five aflibercept intravitreal injections for treatment of CDME over a 16-week period. 
One eye in each of the forty patients will receive aflibercept every 4 weeks. Subject testing 
includes measurements of central retinal thickness (CRT), best corrected visual acuity 
(BCVA), Pelli–Robson (PR) CS, and CamBlobs (CB) CS at 20 weeks post baseline.
Results: A total of 40 eyes from 40 patients with CDME were analyzed. The mean age was 
62.9 ±10.6 years and 55% were male. At baseline, CRT was 365 ±94.6µm with logMAR 
BCVA 0.25±0.20. CS PR at baseline was 1.46±0.13 logCS compared to the normal popula-
tion 1.79±0.10 logCS (P=<0.01), and the CS CB was 1.55±0.16 logCS compared to 1.92 
±0.08 logCS in the normal population (P=<0.01). At the completion of the study, CRT was 
decreased to 289 ±43.7µm (P=<0.001), and the logMAR BCVA improved to 0.18±0.02 
(P=<0.05). At the same point the CS PR was 1.52±0.16 and CS CB was 1.62±0.16 logCS. At 
the end of the study 85% of eyes obtained BCVA of 0.3 logMAR or better. There was 
a reduction from baseline of 82.5% to 57.5% in the number of patients that had a CS that was 
two standard deviations below the mean. The greatest improvement in CS was associated 
with those patients that had the greatest reduction in CRT.
Conclusion: CS impairment in patients with CDME is significant. Although treatment can 
be associated with improvement, there still remains a group with decreased CS that could 
impact activities of daily living. Earlier intervention using reduction in CS as a metric may 
be associated with reduced residual deficit associated with treatment.
Keywords: contrast sensitivity, residual deficit, functional impairment

Introduction
In the developed world, diabetes has become a healthcare crisis with implications 
on treatment and long-term care. Concerns about visual performance in this popu-
lation are relevant today as diabetes in the adult population has increased almost 
four-fold from 1980 to 2014 due to population growth, increased prevalence, and 
aging in the population. Diabetic macular edema (DME) is the most common cause 
of decreased best corrected visual acuity (BCVA) and irreversible vision loss, with 
up to 10% of diabetic patients affected.1,2

Current intravitreal anti-VEGF treatment recommendations for DME specify 
that along with the presence of center involving macular edema CDME, as mea-
sured by Optical Coherence Tomography (OCT), there must also be a decrease in 
BCVA of 0.20 logMAR or more as measured at distance using a black on a white 
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letter chart to be a candidate for treatment.3–5 There is 
a growing body of literature that demonstrates patients 
with CDME and diabetic retinopathy suffer from 
decreased contrast sensitivity (CS) before there are any 
detectable changes in visual acuity.6–9 Patients will tolerate 
a mild degree of macular edema, exudate, and vascular 
damage but they eventually reach a tipping point beyond 
which is characterized by a cascade of irreversible vision 
loss. Advanced testing, such as electroretinography and 
sensitive psychophysical testing, may detect early signs 
of progressive retinal dysfunction but time and cost limit 
their availability in general practice.26 CS testing can 
detect early retinal dysfunction that correlates to an impact 
on quality of life since contrast is a key component in 
facial recognition, driving, and reading.10,11 It is unknown 
at this time whether the patients that lose CS associated 
with diabetic macular edema will regain what they have 
lost once they meet current treatment BCVA recommenda-
tions and begin intravitreal treatment. In a recent study of 
patients with CDME treated to stabilization following 
standard enrolment criteria and injection frequency as 
expected, retinal anatomy could be re-established and 
95% of the study population had a BCVA acuity ≥+0.4 
logMAR satisfying the criteria for driving. However, CS 
in the same group was more than two standard deviations 
below the normal population mean in 88% of treated 
eyes.12 The impact of this decreased visual function cannot 
be understated and is the driving force to understand what 
is the CS of patients at enrolment who satisfy the present 
criteria for intravitreal injections for CDME and whether 
treatment will improve or slow the loss of CS over time.

This study is focused on changes in CS and its associa-
tion with BCVA and Central Retinal Thickness (CRT) in 
patients undergoing standard treatment for CDME using 
aflibercept. Any relationships noted might be used for 
future studies to ensure proper and timely initiation of 
treatment to restore and preserve visual function.

Patients and Methods
This institutional review board (IRB)-Approved (Advarra, 
Aurora, ON, Canada) (CR 00029923) prospective, observa-
tional, non-controlled, single center study was conducted at 
Tri Med Laser Eye Center, Barrie Ontario (October 2018 
and June 2020). A total of 40 patients with DME were 
enrolled if they met the inclusion and exclusion criteria 
listed in Table 1. The study was conducted in accordance 
with the principles of the Declaration of Helsinki and in 
compliance with Good Clinical Practice and applicable 

regulatory requirements. Written informed consent was 
obtained from all participants before study enrollment.

The primary endpoints were the CS, BCVA and CRT of 
the treated eyes, with the CS results compared to baseline 
and the normal database for CS.3,13–15 The primary inves-
tigator (PI) was masked to the CRT and CS results until 
the end of the study.

The patient populations that satisfied the criteria for inter-
vention for CDME7 received a loading dose5,16 with afliber-
cept after all baseline measurements were tested and recorded 
and received treatment for at least 6 months. They were 
assessed at 4 weeks after the fifth dose. In patients satisfying 
the criteria for treatment in both eyes, the eye with the lower 
BCVA at the time of enrolment was considered the study eye.

Eligible subjects were tested monocularly for CS using 
the Pelli–Robson (PR) chart and the CamBolbs (CB) CS 
testing system,3,13,14 as well as high-resolution OCT and 
BCVA. The CS testing with PR was completed at 1m 
using the “per letter” method of scoring.13,14 The CS 
testing with CB was self-administered, taken in good light-
ing, at a comfortable reading distance.15

Monocular BCVA was recorded using the Snellen chart 
and converted to the logarithm of minimum angle of 
resolution (logMAR) equivalents for analysis.

OCT measures, including CRT and ganglion cell layer 
volume (GCLV), were measured using SD-OCT (Heidelberg 

Table 1 Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Informed consent Uncontrolled IOP (>25 mmHg)

≥18 years of age Prior intravitreal anti-VEGF treatment in 

study eye

Ability to complete 

study

Intravitreal steroid treatment within prior 

6 months

Diagnosis of center 
involving DME

MI, TIA, or CVA within prior 90 days

SD-OCT documenting 
central fluid

Diagnosis of Glaucoma

VA >6/30 Prior retinal laser, current cataract, 
vitreous hemorrhage, ocular infection, or 

intraocular inflammation

Baseline fluorescein 

angiography

Current pregnancy or lactation

Hypersensitivity to aflibercept, any 

ingredient or component of the container
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Spectralis, Heidelberg Engineering In, Vista, CA, USA) and 
compared to a normative database for this system.17

Statistical Analysis
Statistical analysis was completed following the comple-
tion of the subjects using R version 3.4.0. Visual function 
statistical analysis included mean logMAR BCVA and 
mean CS, comparing study population to the normal 
population.17 If not otherwise stated, all values are pre-
sented as mean± SD. Comparison of the same population 
from baseline to the end of the study was completed using 
paired Wilcoxon Signed Rank tests. A P-value <0.05 was 
considered statistically significant. The normal data for 
CamBlobs and Pelli–Robson CS was used for the 
study.14,15

Results
A total of 40 eyes from 40 patients were included in the 
analysis, all with CDME. All patients were naïve to treat-
ment at the time of enrolment. The mean age of the patients 
was 62.9±10.6 years and 55% were male. All patients com-
pleted the required testing and no adverse events were 
reported during their participation in the study.

Measures of Visual Function and 
Anatomic Outcomes
CRT
The CRT at baseline was 365 ±94.6 µm, four weeks 
after the final loading dose it was 289 ±43.7µm, 
a 75.6µm reduction (P < 0.001) (Figure 1). Thirty-six 
patients (90%) had stable CRT over the two previous 
visits and would satisfy the criteria to extend to the 8 
weeks interval.

Visual Acuity
The baseline BCVA was 0.25±0.20 logMAR, four weeks 
after the final loading dose it was 0.18±0.13 logMAR, an 
improvement of 0.07 logMAR (P < 0.05) (Figure 2).

CamBlobs vs Pelli Robson
From other previous studies3,15 there is a moderate corre-
lation between CamBlobs (CB) and Pelli Robson (PR) 
with consistently higher values for CamBlobs.

CB CS at baseline was 1.55±0.16 logCS compared to 
1.92±0.08 logCS in the normal population, a difference of 
0.37 logCS. Four weeks after the final loading dose the CB 
CS was 1.62±0.16, a difference of 0.07 logCS (P < 0.01) 
(Figure 3). CB CS after the loading dose was 1.62±0.16 
logCS compared to 1.92±0.08 logCS in the normal popu-
lation, a difference of 0.30 logCS.

PR CS at baseline was 1.46±0.13 logCS compared to 
1.79±0.10 logCS in the normal population, a difference of 
0.33 logCS. Four weeks after the final loading dose the PR 
CS was 1.52±0.16 logCS, a difference of 0.06 logCS (P < 
0.01) (Figure 4). PR CS after the loading dose was 1.52 
±0.16 logCS compared to 1.79±0.10 logCS in the normal 
population, a difference of 0.27 log units.

Figure 1 OCT measured central retinal thickness (µm) at baseline and final 
measurements and normal population data, black bar represents median value, 
open circles are outliers, statistical significance is noted above relevant groups 
(***p < 0.001).

Figure 2 LogMAR BCVA in study eye at baseline and final measurements, black bar 
is the median value, open circles are outliers, statistical significance is noted above 
relevant groups (*p < 0.05).

Figure 3 Camblobs contrast sensitivity in study eye at baseline and final measure-
ments, and normal population data, black bar is the median value, open circles are 
outliers, statistical significance is noted above relevant groups (**p < 0.01).
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There was a positive relationship between reduction in 
CRT and improvement in CS overall; the subset that had 
the greatest reduction in CRT also had the greatest 
improvement in CS (Figures 5 and 6).

At baseline, 33 of 40 (82.5%) patients had a reduction 
in CS of 2 standard deviations from the mean compared to 
the normative data base while mean BCVA was 0.25 
logMAR in the same population. At four weeks after the 
final loading dose, only 23 of 40 (57.5%) patients fell 
below the 2 standard deviations threshold (30.3% 
decrease) while mean BCVA improved to 0.18 logMAR.

Discussion
The use of anti-VEGF agents has had a disruptive effect on 
the treatment and outcomes of center involving diabetic 
macular edema with decreased BCVA.3,5 Several studies 
have shown differences in outcome in the same disease 
with different anti-VEGF agents.3,19 More recent studies 
using aflibercept that have evaluated the timing of interven-
tion continue to focus on BCVA reduction in the presence of 
CDME as the threshold for intervention. One study looking 
at minimizing anti-VEGF treatment randomized patients 
with CDME having BCVA >6/9 into three groups: observa-
tion with deferred aflibercept as needed, focal laser with 
deferred aflibercept as needed, or initiation of prompt afli-
bercept, concluded that patients with center-involved dia-
betic macular edema and good vision can confidently be 
managed by observation, scheduling anti-VEGF injections 
only if vision deteriorates.18 There have, however, been con-
cerns that the outcomes of this approach may leave the 
observation group with a lower level of BCVA and 
a greater number of ETDRS letters lost at 2 years.20 This 
approach also runs counter to the conclusions of the Early 
Treatment Diabetic Retinopathy Study that early intervention 
for CDME may prevent vision loss even in patients with 
good BCVA.21 More recent studies have taken another 
approach and evaluated another visual function outside of 
BCVA in the outcome analysis that is contrast sensitivity 
CS.12,19 CS is important in activities of daily living including 
mobility, reading speed, quality of life, and driving with 
symptoms most prevalent in low-level lighting conditions, 
fog, or reflective glare.22–24 In these studies, although treat-
ment with anti VEGF intravitreal injections was associated 
with an improvement in BCVA18 the vast majority of patients 
had a significant reduction in their CS post stabilization.12,19

BCVA is tested at 100% contrast and the optotype 
reduces in size to determine what arc angle the patient can 
resolve. With CS testing, both the level of contrast and 
optotype size can change depending on the testing modality 
used. The extent to which BCVA and CS can be affected, as 
well as the level of recovery with therapy, depends on the 
duration and severity of the disease. BCVA has been well 
documented to improve with anti-VEGF therapy in DME,5 

but fewer studies have included CS as an outcome 
parameter.18 A decrease in CS can lead to a loss of spatial 
awareness, mobility, and can increase the risk of injuries 
including motor vehicle accidents.25 This condition is not 
a direct indication of poor or weakening BCVA. It is possible 
to have normal VA while also experiencing reduced CS; 

Figure 4 Pelli–Robson contrast sensitivity in study eye at baseline and final mea-
surements, and normal population data, black bar is the median value, open circles 
are outliers, statistical significance is noted above relevant groups (**p < 0.01).

Figure 5 Change in Camblobs contrast sensitivity in subjects in the top 25% and 
bottom 25% change in central retinal thickness (CRT) between baseline and final 
measurements.

Figure 6 Change in Pelli–Robson Contrast Sensitivity in subjects in the top 25% 
and bottom 25% change in central retinal thickness (CRT) between baseline and 
final measurements.
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therefore, testing photopic BCVA alone is not a good pre-
dictor of low contrast visual function and performance.11

The results of this study support the disconnect between 
CS and BCVA as, at the time of enrolment, 82.5% of 
patients had a minimum of at least a 2-standard deviation 
(SD) reduction in CS and although there was a significant 
improvement at the end of the study overall there were still 
57.5% of patients that were two SD below the population 
mean. In the same population, the VA was 0.25 logMAR at 
baseline and improved to 0.18 logMAR with 97.5% <0.4 
logMAR. Patients with diabetes and no retinopathy, diabetic 
retinopathy without edema, and persons with DME all can 
show decreased CS before changes in BCVA occur as 
measured on traditional tests.7–9 Inner retinal vascular dis-
eases such as diabetic retinopathy are known to measurably 
reduce the inner retinal cell layers which may lead to the 
reduction in CS observed. In diabetic retinopathy, the cause 
and sequence of damage are multifactorial including meta-
bolic, inflammatory, and vascular, as well as being chronic 
and progressive in nature.27 There does appear to be 
a relationship between a reduction in retinal edema and 
fluid leakage, as measured by ocular coherence tomography 
(OCT) with an improvement in BCVA; however, the 
amount of improvement and the final outcome has limited 
predictability.12 Researchers in ophthalmology focusing on 
glaucoma are also investigating reduced CS as part of visual 
functional loss in those with glaucoma. Current studies in 
glaucoma associate the loss of CS to loss of ganglion cell 
layer thickness in the macula;6 a physiological parallel can 
be drawn to diabetic macular edema as they too lose gang-
lion cells throughout the course of the disease.28 The diffi-
culty in using the ganglion cell layer volume GCLV at 
baseline as a metric for initiation of treatment is the exis-
tence of fluid; unless there is an advancement in resolution 
and digital subtraction technology, this OCT metric is still 
of limited use. GCLV is also a poor metric to determine 
when treatment stability has been reached because at the 
time of stability it is also problematic as of the weak 
correlation between GCLV and CS in the DME group. 
This may be because the reduction in GCL is focal rather 
than diffuse.12 Therefore, looking at variability in discrete 
volume thickness or focal testing may be associated with 
more sensitive identification of ganglion cell loss than total 
ETDRS template volume.27

This study demonstrates that a reduction in CRT with 
the completion of a loading dose of aflibercept is asso-
ciated with an improvement in CS, and that the greater 
reduction in CRT with treatment is associated with the 

greatest recovery of CS. This is the first study using two 
different CS testing methods that both show a significant 
impairment in CS at baseline and also provide evidence to 
support the notion that CS improves with treatment. The 
results of this study suggest that the existing guidelines for 
the initiation of treatment of CDME should include the 
measurement of CS given its importance in activities of 
daily living such as driving. Not measuring CS as part of 
a fuller assessment of visual function as a baseline and 
endpoint may have underestimated treatment effects in 
existing studies. With the current availability of inexpen-
sive and reproducible CS tests that can be used in clinical 
studies and routine clinical practice, there are no objective 
reasons not to include CS testing. Further studies need to 
be initiated to determine if CS can be regained following 
treatment, as currently there are no recommendations 
available as to when to initiate anti-VEGF treatment if 
the goal is to preserve or regain CS function. If ganglion 
cell loss is responsible for the decrease in CS, then it is 
likely that the amount of loss may act as a predictor of 
how much improvement may occur.

There are many questions that remain. If the reduction 
in the ganglion cell population is the cause of decreased CS 
in diabetic retinopathy, will earlier intervention with anti- 
VEGF treatment with center involving DME, but better 
than 6/9 BCVA, reduce or prevent GC loss and therefore 
preserve CS?26 What CS testing modality will be best to 
apply for clinic and research purposes? Will the early iden-
tification of CS reduction be a factor in efforts to further 
improve glycemic control given that patients with higher 
hemoglobin A1c levels are more likely to lose vision?

Conclusion
In this study, we found that CS can be improved with 
aflibercept therapy, and the amount of improvement was 
associated with the total reduction in central retinal thick-
ness (CRT) in a naïve population of patients with center 
involving macular edema and reduced BCVA. A significant 
amount of CS had already been lost at the time of enrolment 
and although improvement occurred there was still 
a measurable deficit compared to the normal population.

The results of this study are limited by the small sample 
size, and limited follow-up duration. There was also a limited 
variety of CS testing conditions and modalities, including 
only photopic and not mesopic or scotopic lighting and 
a static image size in both Pelli–Robson and CamBlobs. 
The normative data base for both the Pelli-Robson and 
CamBolbs that were used are limited in the higher age 
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bracket and more work will be required to adjust for reduc-
tion in CS associated with age alone.24 It may be helpful to 
incorporate CS testing at baseline in large-scale studies to 
assess visual functional results such as determining in dia-
betic retinopathy if earlier intervention would have any effect 
in preserving CS before manifest diabetic macular edema.
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