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Purpose: What is the level of visual function in patients with diabetic macular edema
(DME) and retinal vein occlusion (RVO) post-stabilization with anti-vascular endothelial
growth factor?

Patients and Methods: This observational non-controlled single center study evaluated
visual function in two patient populations with macular edema 25 with diabetic macular
edema and 25 with retinal vein occlusion treated following standard protocol of anti-VEGF
therapy post- stabilization.

Results: A total of 68 eyes from 50 patients were analyzed including 18 bilateral and 7
unilateral diabetic macular edema, 14 patients with central and 11 with branch retinal vein
occlusion. The mean age was 69+ 11 years and 64% were male. In the RVO group: LogMAR
BCVA was 0.12+0.13 compared to the unaffected eye 0.04+0.05 (P=<0.01), contrast sensi-
tivity in the treated eye was 1.69+0.21 log units compared to 1.84+ 0.15 log units in the
unaffected eye (p=<0.01), the ganglion cell volume was 0.88+ 0.15 mm” in the treated eye
compared to 1.04+ 0.1 mm® in the unaffected eye (P=<0.01). In the diabetic macular edema
group: LogMAR BCVA was 0.17+0.13, contrast sensitivity in the treated eye was 1.16+£0.21
log units compared to the normal population 1.92+0.8 log units (p=<0.01), the ganglion cell
volume was 0.94+ 0.14 mm® in the treated eye compared to 1.03+ 0.12 mm® in the normal
population (P=<0.001). In both groups a majority of treated eyes retained visual acuity >+0.4
LogMAR (diabetic macular edema 95%, RVO 96%) however contrast sensitivity was more
than two standard deviations below the normal population mean in a majority of treated eyes
in both groups (diabetic macular edema 88% RVO 64%).

Conclusion: Impairment in contrast sensitivity in both groups could impact activities of
daily living including driving and should prompt questions about how we advise patients
regarding their level of function and the potential limitations/restrictions that should be
placed on such activities.
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Introduction

Visual function assesses the overall interaction with the external environment
through the visual system. Testing for this includes visual acuity (VA), contrast
sensitivity (CS), visual fields and colour vision. Although there is overlap between

each ability, they are unique and can be affected separately in retinal diseases.'
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Two specific abilities, visual acuity and contrast sensitiv-
ity, have been well recognized to be affected in diabetic
macular edema (DME) and retinal vein occlusion (RVO)
and can be tested in several different ways.* VA is tested at
100% contrast and the optotype reduces in size to deter-
mine what arc angle the patient can resolve. With contrast
sensitivity testing, both the level of contrast and optotype
size can change depending on the testing modality used.
The extent to which VA and contrast sensitivity can be
affected, as well as the level of recovery with therapy,
depends on the duration and severity of the disease.’
Visual acuity has been well documented to improve with
anti-VEGF therapy in both RVO® and DME,” but fewer
studies have included contrast sensitivity as an outcome
parameter.® Contrast sensitivity is important for a number
of functions including mobility, reading speed, quality of
life, and driving. Symptoms of reduced contrast sensitivity
are most prevalent in conditions of low light,” fog, or
reflective glare.'® A decrease in contrast sensitivity can
lead to a loss of spatial awareness, mobility, and can
increase the risk of injuries including motor vehicle acci-
dents. This condition is not a direct indication of poor or
weakening VA. It is possible to have normal VA while also
experiencing reduced contrast sensitivity; therefore testing
photopic VA alone is not a good predictor of low contrast
function and performance.'’

In some countries efforts are made to vary testing
parameters for a driving licence such as background light-
ing and contrast by assessing visual function outdoors with
a poor performance resulting in a failure of the certifica-
tion exam. Unfortunately although this is a more realistic
test environment there is no agreed to standards for con-
trast sensitivity thresholds and level of luminance so few
countries include testing in different levels of luminance or
environments.” Multiple testing technologies are available
to evaluate contrast sensitivity with factors such as cost,
testing time, and patient’s abilities considered in the tech-
nology chosen. A component of this study is to use and
compare two commercially available testing methods, the
Pelli-Robson and CamBlobs. The Pelli-Robson requires
literacy skills and compared to CamBlobs, requires more
technician time, longer duration, and is more costly. The
letter sequences of the Pelli-Robson chart are organized
into groups of three (triplets) with two triplets per line.
Within each triplet, all letters have the same contrast. The
contrast decreases from one triplet to the next. The
CamBlobs, now known as the “SpotChecks™”, is an
inexpensive alternative that can be administered as a

self-test and requires no literacy skills, providing rapid
results. The test, made up of 4 columns of 25 rectangles,
requires the subject to mark the location of a 9mm circular
grey disk in each rectangle progressing down the page.
Each test is a single use test where patients test themselves
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by marking an “x” on each contrast target they see. Testing
is intuitive; individuals can complete the test within 2-3
minutes with rapid results as scoring is easy and quick.
The test sheet itself then becomes the record for the
patient file.

Concerns about visual performance is 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. DME
is the most common cause of decreased VA with up to
10% of diabetic patients affected.'®'* RVO is second only
to diabetic retinopathy as a cause of visual loss due to
retinal vascular disease. There are two forms; branch ret-
inal vein occlusion BRVO and central retinal vein occlu-
sion CRVO which can be further subdivided to ischemic
and nonischemic with macular edema (ME) being the
main cause of the deterioration of visual acuity.'""'* A
significant percentage of both of these populations drive,
and the impact of impairment in CS could be associated
increased driver related accidents.’*'%%¢

This study was designed to focus on outcome levels of
VA and CS in the two groups, DME and RVO post-
stabilization of ME, as well as compare and contrast
these results and their possible impact on future perfor-
mance. In addition, high-resolution spectral domain OCT
testing was used at the time of resolution of the retinal
edema in both groups, to generate a quantitative assess-
ment of the ganglion cell layer (GCL) and ganglion cell
volume (GCV). This was done to try to get a better under-
standing of the lasting effects of these inner retinal vascu-
lar diseases and its relationship to visual function.'?

Patients and Methods

This institutional review board (IRB)-Approved (IRB
Services, Aurora, ON, Canada) (CR00153811) prospec-
tive, observational, non-controlled, single center study
was conducted at Tri Med Laser Eye Center, Barrie
Ontario between March and June of 2018. A total of 25
patients with diabetic macular edema, and 25 patients with
either CRVO or BRVO, 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
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Table | Inclusion and Exclusion Criteria

Inclusion Criteria

Exclusion Criteria

Informed consent

Uncontrolled IOP (>25 mmHg)

2|8 years of age

Prior retinal scaring, cataracts, or vitreous hemorrhage

Ability to complete study

Intravitreal steroid treatment within prior 6 months

Diagnosis of center involving DME or RVO

MI, TIA, or CVA within prior 90 days

Currently treated with Aflibercept or Ranibizumab

Diagnosis of Glaucoma

“Dry” SD-OCT (macula thickness less than 315 pm and reestablishment of foveal pit)

Baseline fluorescein angiography

VA >6/30

Clinical Practice and applicable regulatory requirements.
Written informed consent was obtained from all partici-
pants before study enrollment.

The primary endpoints were the VA, CS, and ganglion
cell volume of the treated eyes as compared to either the
normal database for contrast sensitivity'”"'* and GCV'? for
DME eyes or, for subjects in the RVO arm of the trial, the
unaffected eye and the normative database were used as
the controls. Additionally, the correlation in log contrast
scores obtained for both treated and untreated eyes using
Pelli-Robson contrast sensitivity scoring and Camblobs
contrast sensitivity were examined to establish if a correla-
tion exists in the log contrast scores obtained using these
testing methods.

Each of the patient populations that satisfied the criteria
for intervention for DME’ and RVO® received a loading
dose®” with either ranibizumab or aflibercept and were
followed with treatment for at least 6 months. Patients in
each group were considered stable for enrollment if they
had at least two consecutive 8 weeks intervals of stable VA
and less than a 5% change in central subfield thickness
(CST) as measured by spectral domain OCT. Subjects
were enrolled only after resolution of macular edema
was confirmed with spectral domain OCT, specifically a
macular thickness <315 pm, corresponding to normal
value + 2 SDs: 277 + (2 x 19) um and the reestablishment
of the foveal pit were used as markers for the resolution of
fluid.?

Eligible subjects were tested monocularly for contrast
sensitivity using the Pelli-Robson chart and the CamBolbs
contrast sensitivity testing system, as well as high-resolu-
tion OCT and visual acuity. The testing with Pelli-Robson
was completed at 1m using the “per letter” method of

scoring.'*'> The CamBlobs was self-administered, taken
in good lighting, at a comfortable reading distance.

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 GCV, were mea-
sured using SD-OCT (Heidelberg Spectralis, Heidelberg
Engineering In, Vista, CA USA) and compared to a nor-

mative database for this system.'®

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 contrast sensitivity comparing study population to
either unaffected eye or normal population.'” Anatomical
statistical analysis included mean ganglion cell layer
(GCL) volume comparing study population to either unaf-
fected eye or normal population. If not otherwise stated,
all values are presented as meant SD. Comparison of
population means was completed using Welch’s unequal
variances t-tests. A P-value <0.05 was considered stati-
cally significant. The normal data for CamBlobs contrast
sensitivity was used for the study.'®'’

Pearson correlation of log contrast scores obtained with
Pelli-Robson and Camblobs tests were calculated for all
subject eyes, including both treated and untreated.

Results

Characteristics of Study Population

A total of 68 eyes from 50 patients were included in the
analysis; this included 14 CRVO, 11 BRVO and 18 bilat-
eral and 7 unilateral DME patients. In the DME group
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three eyes had focal laser but none within the previous
year. In the RVO group the untreated eye had a complete
oculo-visual assessment and was determined to be normal.
The mean age of the patients in the DME group was 69+11
years and 76% were male, in the RVO group mean age
was 66+ 11 years and 52% 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
CamBlobs vs Pelli Robson
Monocular testing of all subject eyes for CamBlobs and
Pelli Robson contrast sensitivity were moderately corre-
lated with consistently higher values observed for

Camblobs testing r (98) = 0.65, p<0. 05.

RVO

The OCT measured GCL volume of treated eye RVO
patients was 0.88+0.15 mm® while the unaffected eye
was 1.04+£0.1 mm®. The difference in mean GCL volume
between the unaffected and treated eye in this study was
0.16 mm® (P= <0.01, Figure 1).

The LogMAR BCVA in the treated eye was 0.12+0.13
while in the unaffected eye it was 0.04+0.05. The differ-
ence between the treated and unaffected eyes was 0.08
(P=<0.01, Figure 2).

Camblobs contrast sensitivity in the treated eye was 1.69
+0.21 log units compared to 1.84+0.15 log units in the
unaffected eye, a difference of 0.15 log units (P=<0.01,
Figure 3)

Pelli-Robson contrast sensitivity in the treated eye was
1.52+0.17 log units compared to 1.64+0.12 log units in the

Retinal Ganglion Cell Volume (mma)
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Figure | OCT measured retinal ganglion cell volume (mm?) in all groups, black bar
represents median value, open circles are outliers, statistical significance is noted
above relevant groups (*¥p<0.01, ***p<0.001).

Abbreviations: RVO, retinal vein occlusion; DME, diabetic macular edema.
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Figure 2 LogMAR BCVA in RVO (retinal vein occlusion) patient’s treated and
unaffected eye, black bar is the median value, open circles are outliers, statistical
significance is noted above relevant groups (**p<0.01).
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Figure 3 Camblobs contrast sensitivity in all groups, black bar is the median value,
open circles are outliers, statistical significance is noted above relevant groups
(**p<0.01).

Abbreviations: RVO, retinal vein occlusion; DME, diabetic macular edema.

unaffected eye, a difference of 0.12 log units (P=<0.01,
Figure 4).

There was a weak relationship between Log contrast
sensitivity and GCL volume in the treated and unaffected
eyes (R?=0.19, P=<0.001).

Pelli-Robson Contrast Sensitivity
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Figure 4 Pelli-Robson contrast sensitivity in all groups, black bar is the median
value, open circles are outliers, statistical significance is noted above relevant groups
(**p<0.01).

Abbreviations: RVO, retinal vein occlusion; DME, diabetic macular edema.
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Diabetic Macular Edema

OCT measured GCL volume in diabetic macular edema
subjects was 0.94+0.14 mm® compared to 1.03+0.12 mm3
in the normal population data, a difference of 0.09mm3
(P=<0.001, Figure 1).

Camblobs contrast sensitivity in diabetic macular
edema eyes was 1.58+0.16 log units compared to 1.92
+0.8 log units in the normal population, a difference of
0.34 log units (P=<0.01, Figure 3).

Pelli-Robson contrast sensitivity in diabetic macular
edema eyes was 1.46+0.15 log units compared to 1.79
+0.10 log units in the normal population, a difference of
0.33 log units (P=<0.01, Figure 4).

LogMAR BCVA in diabetic eyes undergoing treatment
was 0.17+0.13.

There was a weak relationship between Log contrast
sensitivity and GCL volume in the diabetic macular edema
eyes (R?=0.24, P=<0.01).

Discussion
Studies to date have shown impressive treatment results
with the advent of anti-VEGF treatment for DME and
RVO with a reduction in macular edema and improvement
in VA.*” The majority of patients in these groups can
continue to be active, and if individuals had stopped dur-
ing the acute phase, most can re-establish high acuity tasks
such as driving based on our present VA testing thresholds.
In both groups, DME and RVO, the final corrected VA
in the affected eye was LogMAR 0.4 or better in a major-
ity of subjects (95% of DME and 96% of RVO patients).
The threshold of 0.4 or better was chosen to comply with
the vision standards for driving in Canada.'® However, in
the same national guidelines, the recommendation for con-
trast sensitivity testing and its incorporation as a supple-
ment to visual acuity assessments has not been to date
followed in any province.'® When comparing within the
same group there was a significant percentage that had
contrast sensitivity loss that was greater than two standard
deviations (SD) below the mean (64% RVO and 88%
diabetic macular edema) using the comparative normative
database for DME and the unaffected eye in the RVO
population. The monocular testing of contrast sensitivity
used both Pelli-Robson and CamBlobs, with the log con-
trast scores found to be comparable.”!’ The Camblobs test
is less expensive and patient-guided, reducing staff time in
comparison to the long established Pelli-Robson test. The
results of this that the CamBlobs

study suggest

(SpotChecks™) provides similar results with a testing
method that can be easily implemented in regular clinical
practice.

The difference in residual deficit in contrast sensitivity
between the DME and RVO groups may be explained by
the studies showing patients with diabetic macular edema,
diabetic retinopathy without edema, and persons with dia-
betes without manifest retinopathy, suffer from decreased
contrast sensitivity before changes in VA occur as mea-
sured on traditional tests.' > Inner retinal vascular diseases
such as diabetic retinopathy and RVO are known to mea-
surably reduce the inner retinal cell layers which may lead
to the reduction in contrast sensitivity observed. However,
these diseases differ in that with diabetic retinopathy the
cause and sequence of damage are multifactorial including
metabolic, inflammatory, and vascular, as well as being
chronic and progressive in nature.” In contrast, RVO can
be considered an acute insult with the degree and duration
of the vascular occlusion influencing the overall outcomes.
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
VA; however, the amount of improvement and the final
outcome has limited predictability. Researchers in ophthal-
mology focusing on glaucoma are also investigating
reduced contrast sensitivity as part of visual functional
loss in those with glaucoma. Current studies in glaucoma
associated the linkage of loss of contrast sensitivity to loss
of ganglion cell layer thickness in the macula;'® a physio-
logical parallel can be drawn to diabetic macular edema
and RVO patients as they too lose ganglion cells through-
out the course of the disease.”” It is unclear at this time
whether the patients with macular edema that lose contrast
sensitivity will regain any of what they have lost once they
stabilize with current treatment recommendations on intra-
vitreal anti-VEGF treatment. If contrast sensitivity can be
regained following treatment, there are no recommenda-
tions available as to when to initiate anti-VEGF treatment
if the goal is to preserve or regain contrast sensitivity
function. If ganglion cell loss is responsible for the
decrease in contrast sensitivity then it is likely that the
amount of loss may act as a predictor of how much
improvement may occur.

In this study, there was a trend to a reduced volume in
the ganglion cell layer volume (GCLV) within the ETDRS
template that correlated with the reduction in the contrast
sensitivity. A similar relationship did not exist with CRT
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and contrast sensitivity or total retinal volume within the
ETDRS testing area as noted in other studies.'®

In the RVO group there was no difference in GCLV
between the normative group and the unaffected eye.
There was a statistically significant reduction in the
GCLYV after stability in the treated eye against the unaf-
fected eye and the normative data. In a similar compar-
ison, there was a statistically significant reduction in
GCLYV and contrast sensitivity in the treated and stable
population of RVO compared to the normative data. In
both groups, there was a positive relationship to reduction
in contrast sensitivity and GCLV, but results were mixed
(strong P-value but weak ?). The weak correlation
between GCLYV reduction with decreased contrast sensitiv-
ity in both the DME and RVO groups may be because the
reduction in GC is focal rather than diffuse, so 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.’

The major concern generated from this study is the
measurable reduction in contrast sensitivity identified in
both groups. Historically, it was problematic how to inter-
pret these results; however, now consensus supports that a
significant loss in contrast sensitivity does represent a
meaningful change in overall visual function.?' Using
data from recent studies we can conclude that in the
diabetic macular edema group in this study there was an
average reduction of 0.34 contrast sensitivity Log units,
which is equivalent to 17 ETDRS letters or more than 3
lines of acuity.*?> Although a lower average amount of
contrast sensitivity reduction was seen in the RVO arm,
there was a 0.15 contrast sensitivity Log unit reduction
which is equivalent to 7.5 ETDRS letters or 1.5 lines of
acuity. This can have an impact on task performance and
quality of life.*~*

There are many studies that confirm the independence
of changes in VA and contrast sensitivity'> in retinal
diseases and glaucoma. Evidence that VA and contrast
sensitivity are affected differently in different medical
retinal diseases during anti- VEGF therapy” indicates
the need to assess both to fully understand a patient’s
functional level as it relates to activities of daily living
such as driving at the time of stability of retinal thickness.
As clinicians, the findings of this study should prompt
questions about how we advise patients regarding their
level of function and the potential limitations and restric-
tions they should place on their own activities. We found
that while patients had improvements in their VA from

their first office visit, they still suffered lasting impair-
ments in contrast sensitivity which can have major con-
sequences in common activities like driving at night or in
poor weather. Recent research has tried to quantify the
real-world risks of impaired contrast sensitivity and visual
function, as it specifically relates to driving, which may
guide professionals when advising patients.'' However,
without wide scale testing and specific enforceable restric-
tions in place, we must still rely on patients exercising
their best judgment when undertaking continued or
resumption of driving. Questions arise as to what shared
risk do physicians have in caring for these patients that
still decide to drive?

There are many questions that remain, such as if gang-
lion cell loss is responsible for the decrease in contrast
sensitivity then will the amount of GC loss act as a pre-
dictor for the amount of improvement that may occur fol-
lowing treatment? Will earlier intervention, in cases of
diabetic retinopathy and diabetic macular edema delay,
reduce, or prevent loss of GCL and therefore preserve
contrast sensitivity? What modality would be best to apply
contrast sensitivity testing in a non-academic setting to
evaluate loss? How far are we away from setting contrast
sensitivity levels for licensed activities? Is there a staged
approach to developing contrast sensitivity thresholds and
their implementation? Ultimately, could a license with lim-
itations be the solution to concerns in relation to contrast
sensitivity and road safety, with research and health promo-
tion toward prevention techniques and restoration of con-
trast sensitivity vision being the primary goal?

Conclusion

Gathering more information about contrast vision is hin-
dered by the fact that most practitioners do not measure
contrast vision because it does not provide actionable infor-
mation for clinical decisions. This, however, may be a
vicious circle; if it is not measured, its clinical significance
cannot be assessed. In this study we found that the
Camblobs was an easy test to administer, patient friendly,
with the results comparable to the Pelli-Robson. Several
studies have suggested that low contrast function losses
may be a more sensitive detector of early disease than
high contrast letter chart losses.'' The results of this study
are limited by the small sample size retrospective nature and
limited follow-up duration. There was also a limited variety
of contrast sensitivity testing conditions and modalities,
including only photopic and not mesopic or scotopic light-
ing and a static image size in both Pelli-Robson and

1664 "

Dove!

Clinical Ophthalmology 2021:15


http://www.dovepress.com
http://www.dovepress.com

Dove

Nixon and Flinn

CamBlobs. The normative data base for both the Pelli-
Robson and CamBolbs that were used are limited in the
higher age bracket and more work will be required to adjust
for reduction in contrast sensitivity associated with age
alone.”® It may be helpful to incorporate contrast sensitivity
testing as an end point in large scale studies to assess visual
functional results such as determining in DR if earlier
intervention would have any effect in preserving contrast
sensitivity before manifest diabetic macular edema.
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