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Abstract
Purpose Retinal sensitivity (RS) can be a valuable indicator of retinal function in response to intravitreal steroid or anti-VEGF
treatment in the eyes with diabetic macular edema (DME), macular edema post retinal vein occlusion (RVO), or uveitis.
Methods This prospective longitudinal study included 68 patients (96 eyes) with macular edema (ME) secondary to diabetes
mellitus (42 eyes), uveitis (36 eyes), or RVO (18 eyes). In addition to best corrected visual acuity (BCVA) and retinal thickness,
Nidek MP1 microperimetry was used to quantify RS at baseline visit and to look at the mean difference (MD) at 3–6 months and
1–2 years post intravitreal therapy with corticosteroids or anti-VEGF.
Results There was a significant negative correlation between the central RS and BCVA (r = − 0.47, p < 0.001), including DME
(r = − 0.42, p = 0.006) and uveitis (r = − 0.60, p < 0.001), but not RVO (r = − 0.37, p = 0.12). At 2-year follow-up, the overall
CST was reduced from baseline (MD − 147 μm, 95% C.I − 192 to − 102, p < 0.001) with improved BCVA (MD −
0.12 LogMAR, 95% C.I − 0.23 to − 0.01, p = 0.01), but no improvement in the RS in any of the disorders. Both anti-VEFG
and steroid groups showed significant improvement in CST at 2 years from baseline (MD − 101 μm, p = 0.001 and − 167 μm,
p < 0.001, respectively) with only improvement in BCVA among anti-VEGF group (MD − 0.16 LogMAR, 95% C.I − 0.26 to −
0.07, p = 0.008).
Conclusion The long-term follow-up of ME cases did not show a significant improvement in RS following treatment even with
reduced macular thickness at 2-year follow-up.
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Introduction

Macular edema (ME) is a leading cause of vision loss among
many patients with diabetic retinopathy (DR) [1], retinal vein
occlusion (RVO) [2], and uveitis [3]. Preserving vision is the
primary objective of treating ME, and testing visual function

is an important tool in assessing successful treatment. Best
corrected visual acuity (BCVA) is the most commonly used
functional outcome measure of treating ME, both in clinical
practice and trials. While BCVA measurement is an easily
applicable and reproducible test, it does not always correlate
with what patients report as their daily visual experience
[4–6]. Because BCVA mainly reflects foveal function, it can
overestimate macular function and the visual experience of
patient in response to treatment [7].

Microperimetry (MP) is a method for testing visual func-
tion that focuses on the macula, whereby contrast sensitivity is
measured for specific macular regions by focal light stimula-
tion. By using both static and dynamic stimuli, the test creates
detailed maps of retinal sensitivity (RS) reflecting the visual
function of the entire macula. In the eyes with diabetic macu-
lar edema (DME), a progressive reduction in RS can occur
independent of visual acuity [8]. The RS in DME patients is
influenced by retinal thickness, with a reported reduction of
0.83 dB for every 10% deviation of retinal thickness from
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normal levels [9]. RS was also one of the measured outcomes
in the DAVINCI study, which assessed clinical outcome fol-
lowing treatment of DME by either anti-vascular endothelial
growth factor (anti-VEGF) injections or macular laser photo-
coagulation [10]. Correlations between RS, BCVA, and retinal
thickness have also been demonstrated in the eyes with ME
secondary to RVO [11] and UV [12], suggesting it may be a
valuable tool in assessing these patients.

There have been few studies that examined changes in RS
with relation to macular thickness and BCVA following intra-
vitreal therapy for ME secondary to DME [10, 13, 14] or RVO
[15, 16]. Furthermore, any pathology-specific differences in
RS change in response to treatment remain unknown, with no
clear understanding of the long-term changes. There is also
limited information regarding the influence of intravitreal ste-
roid therapy on RS in ME secondary to uveitis.

The aim of this prospective study was to assess changes in
RS with relation to macular thickness and BCVA in the eyes
with ME secondary to RVO, uveitis, or DME. We also aimed
to examine the long-term effect of intravitreal therapy with
corticosteroids and anti-VEGF on RS compared with their
effect on BCVA and macular thickness.

Patients and method

This prospective study recruited patients with ME second-
ary to either DR, uveitis, or RVO who attended
Moorfields Eye Hospital in London, UK, during the peri-
od between May 2014 and December 2016. The study
protocol was approved by the institutional review board
(LIGS1026, Visual Outcome of Retinal Oedema
Treatment Study) and was conducted in compliance with
regulations of the Health Insurance Portability and
Accountability Act and the Declaration of Helsinki. All
patients signed a written consent form before initiation of
study-specific procedures. Patients were included in the
study if ≥ 18 years old at time of recruitment and diag-
nosed with either DR, RVO, or uveitis complicated with
ME defined as central retinal thickness ≥ 320 μm in the
central subfield measured using optical coherence tomog-
raphy (OCT). BCVA was measured using a Snellen chart
which was later converted to its equivalent logarithm of
minimum angle of resolution (LogMAR) for statistical
analysis convenience.

Retinal sensitivity was measured by the fundus-monitored
MicroPerimeter 1 (MP-1; Nidek Technologies, Albignasego,
Italy). A 4-2-1-strategy with Goldmann III size stimulus with
200 ms duration and distributed over a total of 28 loci radiat-
ing from the fovea. These were divided into four loci within
the central 0.6° and 12 loci used for each of the 1.2° and 2.5°
radius circles. A red cross was used as a fixation target. Pupils

were dilated and patients spent 5 min in a dim room before
being tested to allow for visual adaptation.

Using OCT scans (Topcon 3D OCT-2000 Ver 8.11), the
average retinal thickness was taken from the central subfield
thickness (CST) 500μm from the foveal center, as well as four
inner subfields (within 500 to 1500 μm of the center) and four
outer subfields (within 1500 and 3000 μm of the center). The
mean RS and retinal thickness were measured from the central
OCT subfield alone (1-mm-diameter circle centered on the
fovea), the central subfield together with the inner four OCT
subfields (3-mm diameter circle), and the central subfield to-
gether with the 4 inner and outer OCT subfield (6-mm
diameter circle) of the macula (Fig. 1).

Following the baseline visit, patients who received intravit-
real injections of steroids or anti-VEGF for ME had repeat
measurements of their BCVA, RS, and macular thickness at
3 months, 6 months, 1 year, and 2 years. Changes in BCVA,
CST, and RS were calculated per eye to determine response to
treatment and to avoid large between-group variations.
Treatment was given as per clinical guideline, with anti-
VEGF injections given as a loading dose of 3 monthly injec-
tions, followed by series of three injections given as needed.
For steroid implant injections a single implant was inserted
and repeated as needed.

Statistical analysis

Analyses were performed with the SPSS statistical software
(version 22, IBM, USA). Normal distribution was tested using
the Shapiro-Wilk and Kurtosis tests. Continuous variables
were presented as mean ± standard deviation for normally dis-
tributed data otherwise presented as median and Interquartile
range (IQR). Kruskal Wallis Test was used to compare con-
tinuous variables between groups at baseline visit. Pearson’s
correlation coefficient was used in the analysis of correlation
among normally distributed baseline parameters. For not-
normally distributed parameters the Spearman rank correla-
tion coefficient was used. To assess change in BCVA, RS,
and macular thickness post intravitreal therapy from baseline,
a repeated measurement analysis was performed using gener-
alized estimating equations (GEE), and a p value less than
0.05 was considered to be statistically significant.

Results

Among the 68 patients (96 eyes) included in the study, 42
(61.8%) were male. Average age at time of first assessment
was 56.3 ± 14.5 years, ranging from 21.8 to 82.8 years. The
three subgroups included 24 DME patients (42 eyes), 26 uve-
itis patients (36 eyes), and 18 RVO patients (18 eyes). The
RVO cases were mainly branch RVO (11 eyes), and the re-
maining were central RVO (7 eyes). Data among RVO cases
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was normally distributed for CST and RS, but not for
BCVA. Idiopathic intermediate uveitis was the most com-
mon form of uveitis, involving 24 eyes (66.8%), while the
remaining uveitis cases ranged between HLA B-27 associ-
ated uveitis (4 eyes), birdshot chorioretinopathy (2 eyes),
Vogt Koyanagi Harada syndrome (2 eyes), multiple scle-
rosis (2 eyes), sarcoidosis (1 eye), and tuberculosis hyper-
sensitivity uveitis (1 eye). No cataract was observed at
baseline visit in 40 eyes (41.6%) of cases, while 31 eyes
(32.2%) were pseudophakic and the remaining eyes
(26.2%) had some degree of cataract not enough to obscure
the view for macular scans.

The overall median BCVA at baseline was 0.30 (IQR 0.18–
0.30) LogMAR, with a median of 0.30 (IQR 0.18–0.77)

LogMAR in the DME group, 0.30 (IQR 0.18–0.48)
LogMAR in the RVO group, and 0.30 (IQR 0.18–0.60)
LogMAR in the uveitis group. There was no significant dif-
ference in the average BCVA at baseline between the three
groups (p = 0.81).

At baseline, the overall average CST was 401 ± 156 μm,
for the DME group, it was 373 ± 121 μm; for the RVO group,
448 ± 190 μm; and for the uveitis group, it was 408 ± 171 μm
(p = 0.22, one-way ANOVA). For the entire cohort, there was
a weak but significant correlation between CST and BCVA at
baseline (r = 0.21, p = 0.033, Spearman corr, Fig. 2a). This
correlation was more obvious for the DME cases (r = 0.42,
p = 0.006) unlike the RVO (r = 0.20, p = 0.42) and uveitis
(r = 0.05, p = 0.75) groups.

Fig. 1 The microperimetry and
optical coherence tomography
scans of an eye with idiopathic
intermediate uveitis at baseline
(top) and 3 months after an intra-
vitreal Ozurdex therapy (bottom).
Following treatment there was
thinning of retinal thickness to-
gether with improvement of reti-
nal sensitivity
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Macular retinal sensitivity (RS) measured at baseline was
8.8 ± 5.8 dB, including 8.4 ± 5.9 dB in DME group, 7.8 ±
5.3 dB in RVO group, and 9.8 ± 6.0 dB in uveitis group
(p = 0.43, one-way ANOVA). There was a significant nega-
tive correlation between the central RS and BCVA (r = − 0.47,
p < 0.001; Spearman corr, Fig. 2b). A similar correlation was
seen when looking at the subgroups of DME (r = − 0.42, p =
0.006) and uveitis (r = − 0.60, p < 0.001), but did not reach a
significant level for the smaller sample of 18 RVO cases (r =

− 0.37, p = 0.12). There was no significant correlation at base-
line between average RS and retinal thickness within the cen-
tral 1 mm area (r = − 0.029, p = 0.84 Pearson corr), which was
also the case within each of the three patient subgroups.

Out of the 68 patients seen at baseline, 50 eyes had at least
one further follow-up visit after receiving intravitreal therapy
(Table 1). For all cases, the average change in BCVA during
the first 3–6 months was not statistically significant, with a
mean difference (MD) of only 0.01 LogMAR (95%C.I − 0.09

Table 1 The average measurements of visual acuity, retinal thickness, and retinal sensitivity in 50 eyes at baseline and following intravitreal therapy

Baseline Mean ± SE 3–6 mMean ± SE 1–2 yearsMean ± SE

BCVA (LogMAR)

- Total (96 eyes) 0.43 ± 0.26 0.44 ± 0.37 (p = 0.91) 0.41 ± 0.31 (p = 0.01)

- DME (42 eyes) 0.47 ± 0.32 0.45 ± 0.31 (p = 0.28) 0.31 ± 0.23 (p = 0.14)

- RVO (18 eyes) 0.42 ± 0.28 0.53 ± 0.55 (p = 0.28) 0.19 ± 0.23 (p = 0.02)

- UVEITIS (36 eyes) 0.40 ± 0.15 0.35 ± 0.17 (p = 0.61) 0.39 ± 0.40 (p = 0.46)

Central 1 mm retinal thickness (μm)

- Total (96 eyes) 459 ± 150 410 ± 152 (p = 0.15) 306 ± 106 (p < 0.001)

- DME (42 eyes) 414 ± 135 474 ± 153 (p = 0.28) 285 ± 89 (p = 0.009)

- RVO (18 eyes) 477 ± 181 332 ± 166 (p = 0.03) 331 ± 151 (p = 0.13)

- UVEITIS (36 eyes) 494 ± 135 416 ± 108 (p = 0.72) 308 ± 86 (p = 0.002)

Central 3 mm retinal thickness (μm)

- Total (96 eyes) 420 ± 98 387 ± 100 (p = 0.25) 327 ± 64 (p < 0.001)

- DME (42 eyes) 408 ± 93 430 ± 115 (p = 0.37) 316 ± 54 (p = 0.009)

- RVO (18 eyes) 422 ± 115 335 ± 102 (p = 0.06) 340 ± 94 (p = 0.13)

- UVEITIS (36 eyes) 432 ± 93 393 ± 55 (p = 0.87) 329 ± 50 (p = 0.001)

Central 1 mm retinal sensitivity (dB)

- Total (96 eyes) 7.6 ± 5.3 9.2 ± 6.4 (p = 0.29) 8.1 ± 6.1 (p = 0.37)

- DME (42 eyes) 6.0 ± 5.2 7.8 ± 7.1 (p = 0.85) 7.4 ± 5.8 (p = 0.91)

- RVO (18 eyes) 6.7 ± 4.6 7.4 ± 4.9 (p = 0.61) 7.8 ± 6.1 (p = 0.67)

- UVEITIS (36 eyes) 10.2 ± 5.4 12.4 ± 6.3 (p = 0.28) 9.0 ± 6.7 (p = 0.30)

Central 3 mm retinal sensitivity (dB)

- Total (96 eyes) 11.0 ± 4.5 11.6 ± 5.8 (p = 0.19) 9.9 ± 5.5 (p = 0.057)

- DME (42 eyes) 9.4 ± 3.9 10.5 ± 6.4 (p = 0.11) 9.2 ± 5.6 (p = 0.43)

- RVO (18 eyes) 10.9 ± 4.8 11.0 ± 5.1 (p = 0.88) 10.1 ± 5.8 (p = 0.44)

- UVEITIS (36 eyes) 13.1 ± 4.4 13.3 ± 6.1 (p = 0.64) 10.5 ± 5.6 (p = 0.06)

p value calculated using generalized estimating equation (GEE)

Fig. 2 Plot chart showing
correlations between a central
subfield thickness (CST) and
baseline best corrected visual
acuity (BCVA) demonstrating a
significantly positive correlation
and b retinal sensitivity (RS) and
BCVA demonstrating a signifi-
cant negative correlation
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to 0.11, p = 0.91) but reached a significant level at 1–2 years
from baseline (MD − 0.12 LogMAR, 95% C.I − 0.23 to −
0.01, p = 0.01), which was also the case for the RVO group
(MD − 0.17 LogMAR, 95% C.I − 0.31 to − 0.02, p = 0.02).

There was significant reduction in the average central
retinal thickness at 1–2 years from baseline (MD −
147 μm, 95% C.I − 192 to − 102, p < 0.001). This was also
noted within the subgroups of DME and uveitis, while the
RVO group had a reduction in CST of the central 1 mm that
only reached a significant level during the first 3–6 months.
The average RS did not change significantly over the follow-
up period within the total group nor did it change within the
three subgroups (Table 1).

The eyes with ME were treated with either intravitreal
anti-VEGF (27 eyes) or intravitreal steroids (23 eyes). At
3–6 months post commencing anti-VEGF therapy, there
was no significant change in the median BCVA, CST, or
RS compared with baseline. This changed at 1- to 2-year
follow-up when there was an improvement in BCVA (MD
− 0.16 LogMAR, 95% C.I − 0.26 to − 0.07, p = 0.008).
During the same period there was a reduction in the median
CST (MD − 101 μm, 95% C.I − 159 to − 44, p = 0.001) and
3 mm area of the macula. This however was not associated
with a concomitant improvement in the median RS within
similar measured areas of the macula (Table 2). Similarly,
among those eyes treated with intravitreal corticosteroids,
there was a significant improvement in the average CST at
3–6 months (MD − 122 μm, 95% C.I − 209 to − 35, p =
0.006) and at 1–2 years (MD − 167 μm, 95% C.I − 231 to
− 103, p < 0.001). However, the change in BCVA and RS did
not reach a statistically significant level (Table 2). Within the
subgroup of the eyes receiving either intravitreal triamcino-
lone acetonide (9 eyes) or intravitreal dexamethasone im-
plant (14 eyes), there was improvement in the CST by 1-
to 2-year follow-up but no similar improvement in BCVA
and RS (Table 3).

Discussion

This study aimed to examine the change in RS if any in
response to intravitreal therapy for ME. Our results showed
that (1) there is a significant moderate correlation between
retinal sensitivity and visual acuity in the eyes with ME,
including those with DME and uveitis. (2) There was a weak
correlation between BCVA and central retinal thickness at
baseline, which was moderate in the DME group while not
significant in the uveitis and RVO groups. (3) No significant
correlation was observed at baseline between RS and central
retinal thickness. (4) Improvements in CST and/or BCVA at
2 years post intravitreal treatment was not associated with
concomitant improvement in RS.Ta
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Good vision is influenced by the presence of normal foveal
photoreceptor function and an uninterrupted neural network.
While BCVA has been the main tool to test visual function, it
mainly focuses on central foveal function. Microperimetry
assessment of RS and fixation is able to asses a wider
parafoveal area and correlate with other complex binocular
functions such as reading [17]. In this study, we found RS
sensitivity to correlate with BCVA in the presence of centrally
involved ME within the overall group as well as in DME and
uveitis which agrees with other studies that RS can provide
additional information about macular function in ME cases,
especially DME [18]. In addition, there was a correlation be-
tween CST in the eyes with ME > 320 μm and RS within the
same central area. This corresponds with other studies that
found a decrease in macular sensitivity by an average of
0.01 to 0.05 dB for every 1 μm increase in thickness above
280–300 μm, [19, 20] particularly in the presence of CME
[20]. Once the central ME resolves BCVA may also improve,
as foveal function is restored. However, macular function of
peri-foveal regions may still be affected, resulting in visual
dysfunction that would not be reflected by BCVA. In such
cases, RS would remain reduced and reflect more closely to
patients own experience of disparity between an improved
BCVA and a remaining sense of visual impairment, which is
reflected in poor visual quality of life scores [5, 6, 21].

In this study, the morphologic retinal features demonstrated
a positive response to the intreavitreal therapies with a signif-
icant reduction in the retinal thickness at 1–2 years. However,
this was not consistent with the retinal function parameter. It
has been reported that the correlation between retinal thick-
ness and RS can be weak when there is an associated photo-
receptor disruption in a thinned atrophic retina < 300 μm. This
is unlike edematous retina in which the thickness remains a
strong predictor of poor RS independent of photoreceptor de-
fect [20]. The LUCIDATE study looked at the effect of
ranibizumab on the structural and functional outcome of 33
patients with DME over 34 weeks of follow-up and reported

an improvement in RS among the ranibizumab group when
compared with those managed with focal laser photocoagula-
tion [22]. However, it was not clear if the change in RS post
ranibizumab did reach a statistically significant level when
compared with baseline measurement. In cases of DME man-
aged with intravitreal dexamethasone implants, Mastropasqua
et al. reported improvement in RS within the central 10° to-
gether with a reduction in the central macular thickness but
only up to 4 months post injection, following which the effect
was lost. Interestingly, there was no significant improvement
in the electrophysiological results obtained from the pattern
and multifocal electroretinograms, which even worsened after
4 months. These studies support the approach that visual func-
tion is related to more than only foveal thickness and that
photoreceptor integrity and extra-foveal macular function are
also responsible for patient’s visual experience.

This study did not include patients self-reporting of
vision-related quality of life assessment, as well as other
functional tests, such as reading speed. Exploring the effect
of treating ME on these and correlations to RS may support
its role in the functional assessment of patients with ME.
Furthermore, the small study cohort limits the significance
of any individual sub-population analysis, particularly that of
the RVO group.

In conclusion, our study shows that treatment of ME may
not result in improvement in RS, despite an effect on foveal
thickness and BCVA. This suggests that there may be a role
for expanding the functional assessment of patients to have a
more encompassing representation of their visual function.
Microperimetry can add to the information obtained from oth-
er vision assessment tools due to its ability to assess multiple
macular areas including parafoveal areas, which are difficult
to be tested by BCVA alone, thus improving patient
assessment.

Funding information This work was supported in part by an IMPACT
award from Allergan.

Table 3 Morphologic and functional parameters at baseline in eyes treated with either intravitreal triamcinolone acetonide or dexamethasone
(Ozurdex) implants

Intravitreal triamcinolone acetonide n = 9 Intravitreal Ozurdex n = 14

Baseline median
(IQR)

3–6 Months median
(IQR)

1–2 years median
(IQR)

Baseline median
(IQR)

3–6 months median
(IQR)

1–2 years Median
(IQR)

BCVA (LogMAR) 0.30 (0.21–0.48) 0.18 (0.15–0.56) 0.20 (0.00–0.48) 0.48 (0.30–0.52) 0.48 (0.30–0.59) 0.39 (0.23–0.60)

Central 1 mm
thickness, μm

512 (427–682) 426 (323–449) 284 (250–408) 479 (422–562) 314 (289–439) 271 (239–453)

Central 3 mm
thickness, μm

473 (374–567) 384 (336–451) 312 (299–428) 402 (353–456) 321 (304–388) 329 (288–378)

Central 1 mm RS, dB 11.6 (5.8–14.1) 14.3 (7.3–20) 12.5 (3.7–17.0) 9.5 (1.1–14.8) 8.0 (4.6–13.4) 6.7 (2.3–9.1)

Central 3 mm RS, dB 14.5 (7.7–17.1) 14.6 (8.9–20) 14.5 (6.3–17.2) 13.6 (7.1–15.9) 11.3 (6.1–14.8) 10.7 (4.1–12.5)

IQR, interquartile range; RS, retinal sensitivity
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