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Abstract
Purpose The aim of this study was to evaluate subfoveal choroidal thickness (SFCT) as a marker of outcome in real-world
treatment of diabetic macular edema (DME) and to correlate it with choroidal thicknesses (CT) collected around the fovea.
Methods Prospective interventional case series included a total of 126 eyes from 126 patients with recently diagnosed DME
treated with a 3-monthly loading dose of ranibizumab or aflibercept and PRN thereafter until 24 months (M). CTwas manually
measured in the central 3500 μm area, subfoveally (SFCT), at 1750 μm right and left from the center in the horizontal plane and
at 1750 μm up and down from the center in the vertical plane, by OCT. Anatomic (10% decrease in central retinal thickness) and
functional (gain ≥ 5 letters) responses were assessed using univariate and multivariate analyses. The areas under ROC curves
were used to assess whether baseline SFCTwas a predictor of outcome.
Results CT significantly decreased in all follow-ups (3 months after the 3 injections’ loading dose (3M), 6 months (6M),
12 months (12M), 18 months (18M), 24 months (24M)). SFCT and other CT parameters are correlated. SFCT decrease from
baseline was related with treatment (p = 0.003 to p < 0.001) but not with anatomic (3M, p = 0.858; 6M p = 0.762) or functional
response (3M, p = 0.746; 6M, p = 0.156). SFCT was not found to be predictive of anatomic (AUC = 0.575, p = 0.172) or
functional (AUC= 0.515, p = 0.779) outcome.
Conclusions SFCT is a reliable marker of choroidal thickness. Baseline SFCT decreased with anti-VEGF treatment but did not
predict DME outcome.
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Introduction

Treatment of diabetic macular edema (DME) shifted from
laser to anti-VEGF agents [1]. Most patients respond well to

therapy while others do not so well [2]. Several attempts have
been made to find markers of prognosis or predictors of treat-
ment response in DME. The choroidal thickness (CT) or the
subfoveal choroidal thickness (SFCT) were suggested as
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predictors of treatment response in DME, but the use of the
SFCT as a marker of the CT needs further evidence [2]. A
diabetic choroidopathy has been demonstrated [3]; therefore,
the choroid has been looked out to search for markers of the
pathogenesis of diabetic retinopathy (DR) or of the response
to treatment. The availability of the OCTwas a step forward in
order to easily assess and monitor CT [4]. Despite growing
evidence demonstrating alterations of the SFCT in DME and
with DME treatment [5], its use as a marker of prognosis and
of response to anti-VEGF therapy has not been fully elucidat-
ed. Previous studies used different approaches that originated
contradictory data [4].

The present study was designed to investigate whether
baseline SFCT is a predictor of anatomic or functional re-
sponse to anti-VEGF therapy and whether measuring the cho-
roid at different locations from the center correlates with
SFCT.

Methods

In a prospective interventional case series, type 2 diabetic
patients with non-proliferative diabetic retinopathy (NPDR),
diagnosed with recent onset DME in at least one eye, naïve to
intravitreal treatment, were included after approval from the
Ethical Committee of the Leiria Hospital. Informed consent
was given before inclusion. The study adhered to the tenets of
the Declaration of Helsinki and to the standards of Good
Clinical and Scientific Practice of the Faculty of Medicine of
the University of Coimbra.

Diagnostic criteria for DR and DME were based on past
ophthalmic history and complete ophthalmic evaluation, in-
cluding a dilated fundus examination, fundus photography,
OCT imaging, and fluorescein angiography in selected cases.

Data included patient age, sex, blood pressure, duration of
diabetes, glycated hemoglobin level (Hb A1c), best-corrected
visual acuity (BCVA), biomicroscopic examination, laser
therapy, and length of follow-up.

DME was considered when clinical significant macular
edema (CSME) involving the central macula (CI-CSME) [6]
or a central (1 mm central subfield thickness in the OCT-
modified ETDRS grid) retinal thickness (CRT) ≥ 300 μm
were present. Eyes were included when baseline BCVA
ranged from 24 to 78 ETDRS letters (Snellen equivalent 20/
320–20/32, logMAR 1.22–0.14). Whenever DME was bilat-
eral at presentation, the right eye was included in patients
whose year of birth was an even number and the left eye
was included when the year of birth was an odd number [7].
Patients were excluded if they had any other treatments related
to their NPDR, except for focal laser for more than 6 months.
Individuals were excluded if they had any ocular diseases
aside from DME in the treated eye. Eyes with a myopic

refractive error of greater than 4 diopters (D) were also ex-
cluded [4, 8].

Eyes were treated with a 3-monthly loading dose of
ranibizumab or aflibercept and on a pro re nata (PRN) regimen
thereafter. Eyes that developed proliferative diabetic retinopa-
thy and needed panretinal photocoagulation, eyes that were
rescued with focal/grid laser, and eyes that were switched to
intravitreal steroids were discontinued from follow-up. Eyes
were allowed to be switched from ranibizumab to aflibercept.

Data from BCVA using the ETDRS standardized chart and
SD-OCTwere collected in every visit (baseline, 3 months after
the 3 injections’ loading dose (3M), 6 months (6M), 12 months
(12M), 18 months (18M), and 24 months (24 M)). The top
score allowed in the ETDRS chart was 85L (20/20).

Enhanced depth imaging (EDI) optical coherence tomog-
raphy mode was selected (Spectralis; Heidelberg Engineering,
Heidelberg, Germany) and a 6-mm × 6-mm macular cube
scan was performed using the high-resolution (HR) posterior
pole scanning mode. HR star scan mode (6 scans each made
up of 1536 A scans, 30° apart from each other cutting through
the fovea) and HR map mode scan (comprising 61 horizontal
B-scans, 120 μm apart from each other, each made up of 1536
A-scans) (1536 × 1536 pixels, lateral resolution of 6 μm/pix-
el) were acquired. A signal strength greater than 20 was re-
quired for all scans. CTwas evaluated manually after plotting
a 7.2 mm-ETDRS grid centered at the fovea and CRT was
evaluated automatically using a 6-mm OCT-modified
ETDRS grid. The fovea was always checked and the center
of the OCT star mode was re-centered at the fovea whenever
needed before performing the scans and thereafter. CT was
manually measured using the digital caliper tool in the
Heidelberg Eye Explorer software, from the hyperreflective
line of the Bruch’s membrane to the hyperreflective line of
the choroidoscleral interface, in the central 3500-μm area,
subfoveally and at a distance of 1750 μm right and left from
the center, in the horizontal plane, and 1750 μm up and down
from the center in the vertical plane. The CT area underneath
the 3500-μm central macula (square inches) in the plane de-
fined by the horizontal line scan encompassing the fovea was
calculated manually from the RPE hiperreflective line to the
choroidoscleral junction by the Image J software (version
1.48, National Institutes of Health, USA) (Fig. 1).

Two independent raters (AC, do Carmo) measured the
scans masked to the subject’s outcome in a prospective way,
and final measures were the mean of the two scored for each
location and follow-up period. Both raters retrospectively
reviewed all scans masked to subjects’ outcome at the end
of the study and when the gap from one another was greater,
final measures were reached by consensus. All scans were
performed from 9.00 a.m. to 1.00 p.m. To evaluate whether
baseline SFCT might predict clinically relevant response to
treatment, we defined anatomic responders as eyes having a
10% decrease in baseline CRT (≥ 300 μm). Eyes with BCVA
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gains of ≥ 5 letters from baseline at 3M were defined as early
functional responders, while eyes with BCVA gains of ≥ 5
letters from baseline at 6M only were defined as late function-
al responders. Only the eyes followed for 6Mwere considered
for these calculations, n = 122 eyes.

Statistical analysis

Nominal data were described by absolute and relative frequen-
cies. Quantitative data were described by using the mean,
standard deviation, median, minimum, and maximum in the

3575 µm

346 µm
367 µm

279 µm

Fig. 1 Choroidal thickness manually measured in the central 3500-μm
area underneath the RPE line, subfoveally (SFCT) and at 1750 μm nasal
(CT1750n) and temporal (CT1750t) from the center, in the plane defined
by the horizontal line scan encompassing the fovea (Image J software,

version 1.48, National Institutes of Health, USA). A similar procedure
was done in the plane defined by the vertical line encompassing the fovea
to obtain the superior (CT1750s) and inferior (CT1750i) choroidal
thicknesses

Table 1 Differences in the variables considered between each endpoint and baseline

Baseline (n = 126) 3 M (n = 126) 6 M (n = 122) 12 (n = 60) 18 (n = 29) 24 M (n = 26)

CRT 432.4 ± 107.0 − 92.8 ± 103.9 − 95.7 ± 108.6 − 83.9 ± 96.0 − 78.0 ± 85.3 − 81.5 ± 112.4
< 0.001 < 0.001 < 0.001 < 0.001 0.002

SFCT 346.6 ± 75.6 − 22.5 ± 35.8 − 25.6 ± 44.8 − 31.8 ± 41.7 − 33.7 ± 45.9 − 31.2 ± 53.4
< 0.001 < 0.001 < 0.001 0.001 0.006

CT1750t 307.9 ± 71.5 − 16.5 ± 38.3 − 13.5 ± 44.5 − 19.3 ± 51.4 − 14.7 ± 48.2 − 20.2 ± 54.2
< 0.001 0.005 0.005 0.126 0.070

CT1750n 253.1 ± 71.2 − 15.7 ± 39.6 − 15.9 ± 41.2 − 23.2 ± 43.8 − 31.3 ± 47.1 − 25.9 ± 40.1
< 0.001 < 0.001 < 0.001 0.002 0.003

CT1750s 320.1 ± 66.7 − 10.2 ± 40.4 − 14.2 ± 44.7 − 29.1 ± 53.9 − 26.3 ± 37.8 − 19.8 ± 65.1
0.006 0.003 < 0.001 0.001 0.134

CT1750i 283.4 ± 71.3 − 11.0 ± 36.6 − 13.0 ± 40.4 − 21.6 ± 41.8 − 32.1 ± 54.5 − 10.9 ± 53.5
0.001 0.003 < 0.001 0.005 0.308

CT3500a 5791.4 ± − 344.4 ± 621.8 − 338.8 ± 659.2 − 440.1 ± 796.2 − 416.6 ± 760.7 − 368.5 ± 941.2
± 1272.5 < 0.001 < 0.001 < 0.001 0.0010 0.057

BCVA 63.2 ± 12.7 5.9 ± 7.1 9.5 ± 7.9 7.1 ± 9.5 7.3 ± 9.1 8.4 ± 9.2

< 0.001
60.6%*

< 0.001
77.9%*

< 0.001
61.7%*

0.001
65.4%*

< 0.001
65.4%*

N injections 3.0 ± 0.0 4.6 ± 1.3 5.3 ± 2.0 7.6 ± 2.5 8.0 ± 4.0

(3.0–3.0) (3.0–7.0) (3.0–10.0) (3.0–12.0) (3.0–15.0)

For each variable except for BCVA, the percentages relate to the proportion of individuals for which a decrease in the variable was observed when
compared to the baseline value

CRT 1 mm central retinal thickness, SFCT subfoveal choroidal thickness, CT choroidal thickness measured at 1750 μm, nasal (CT1750n) and temporal
((CT1750t) from the fovea in the plane defined by the horizontal line scan encompassing the fovea and superior ((CT1750s) and inferior (CT1750i) from the
fovea in the plane defined by the vertical line scan encompassing the fovea, CT3500a choroidal thickness area underneath the fovea measured from
1750μmnasal to 1750μm temporal from the central fovea in the plane defined by the horizontal line scan encompassing the fovea,BCVA best-corrected
visual acuity collected from ETDRS charts, 3M 2–3 months after the 3 injections’ loading dose, 6M 6 months, 12M 12 months, 18M 18 months, 24M
24 months. Results are presented as mean ± SD

*For BCVA, the percentages relate to the proportion of eyes that displayed an increase of five letters or more when compared to the baseline
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sample characterization.Median, minimum, andmaximumwere
omitted in the tables for convenience. Quantitative variableswere
assessed for normality with the Shapiro Wilk test. Comparisons
between two measures, in different time points, of the same
variable, were performed resorting to paired sample t test or
Wilcoxon test, taking normality requirements into account.
Comparisons of quantitative variables between two groups were
performed with t-Student or Mann-Whitney tests, as applicable.
Intra-class correlations (ICC)were used to compare CTmeasure-
ments between raters at all locations and time points. ROC anal-
yses were undertaken to assess how accurately SFCT baseline
values could be used to predict anatomic or functional response.
Correlations between quantitative variables were assessed by
computing Pearson or Spearman correlation coefficients, de-
pending on whether normality requirements were met or not.
The statistical analyses were performed on IBM SPSS Statistics
24 and on R 3.3.2. The level of significance adopted was 0.05.

Results

From June 2014 to November 2017, a total of 126 eyes from
126 patients were prospectively included. A total of 113 eyes
were treated with a loading dose of 0.5 mg ranibizumab, 13
eyes were treated with a loading dose of 2 mg aflibercept, and
18 were switched from ranibizumab to aflibercept. Baseline
demographic and ocular characteristics are outlined in
Supplementary Table 1. A total of 126 eyes were followed
by 3 months, 122 eyes were followed by 6 months, 60 eyes
were followed by 12 months, 29 eyes were followed by
18 months, and 26 eyes were followed by 24 months.

The mean number of injections given was 3.0 at 3M, 4.6 ±
1.3 (3–7, median 4) at 6M, 5.3 ± 2.0 (3–10, median 6) at 12M,
7.6 ± 2.5 (3–12, median 8) at 18M, and 8.0 ± 4.0 (3–15, me-
dian 7.5) at 24M. The mean baseline BCVA improved signif-
icantly, the mean baseline CRT and the mean baseline SFCT
decreased significantly (Table 1 and Fig. 2). The distribution
of baseline SFCT showed a wide range of variability although
it decreased by 25.45 μm per each decade of life (Fig. 3). The
mean CT decreased at all locations in all follow-up intervals
(Supplementary Fig. 1). The percent decrease in the SFCTand
in the other CT parameters were correlated in all follow-up
intervals, more prominently between the SFCT and CT areas
until 6M (Fig. 4). ICC between raters was 0.98, ranging from
0.94 to 0.98, according to the locations. The mean inter-
observer difference was 6.8 μm.

From the 126 eyes enrolled, 64 eyes (50.8%) had past
history of macular photocoagulation, but past laser history
did not significantly affect the CT parameters at any follow-
up interval (Supplementary Fig. 2). A total of 98 eyes from the
119 eyes with baseline CRT ≥ 300 μm decreased CRT 10%
from baseline (82.4%), and were considered anatomic re-
sponders. A total of 74 eyes (60.7%) at 3M and an additional

22 eyes (18.0%) at 6M were functional responders (96 eyes
out of 122, 78.7%). SFCTwas not significantly different when
comparing either anatomic responders versus nonresponders
(Table 2) or functional responders versus nonresponders
(Table 3). The ROC analyses showed that baseline SFCT
was not found to be a statistically significant predictor of be-
ing an anatomic responder, (area under the curve, AUC =
0.575, p = 0.172) nor of being a functional responder (sorting

-18

-15

-12

-9

-6

-3

0

3

6

9

12

15

18

-120

-100

-80

-60

-40

-20

0

20

40

60

80

100

120

0 3 6 9 12 15 18 21 24 27

M
ea

n 
BC

VA
 g

ai
n

M
ea

n 
Th

ic
kn

es
s 

de
cr

ea
se

 fr
om

 b
as

el
in

e 
(µ

m
)

Follow-up time (month)

CRT SFCT BCVA

Fig. 2 Evolution ofmean central retinal thickness (CRT), mean subfoveal
choroidal thickness (SFCT), and mean best-corrected visual acuity
(BCVA) scored in ETDRS letters collected from ETDRS charts with time
in eyes with DME under anti-VEGF treatment. Note that the evolution of
the SFCT curve does not have the same profile as those of the CRT and
BCVA. Until 6Mwhen the stratification by outcome was done, the slopes
of the BCVA curve and that of the CRT curve are also different, express-
ing a poor correlation between anatomic and functional outcome as
depicted in Tables 2 and 3

Fig. 3 Scatterplot depicting the negative weak correlation between age
and baseline SFCT (μm), r = −0.328, p < 0.001. Though a wide inter-
individual variability can be observed, the average decrease of SFCT
per decade was seen to be 25.45 μm. Variability in SFCT may introduce
bias when dealing with small samples
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out early functional responders from nonresponders) (AUC =
0.515, p = 0.779). Since baseline SFCTwas not found to be a
marker of outcome at 6M but changed more prominently in
the first 3 months, a new ROC curve was calculated to corre-
late the early SFCT decrease and early functional outcome
(Fig. 5). The baseline SFCT was not found to be a marker of
early outcome either (AUC = 0.529, p = 0.589). This absence
of a significant difference between SFCT decreases from base-
line to 3M between functional responders at 3M and nonre-
sponders is depicted in a boxplot (Fig. 6).

Discussion

The aim of this study was to evaluate whether the mean base-
line SFCT is a predictor of outcome in DME. Additional out-
comes were to study how the CT changes with anti-VEGF
agents and to correlate SFCT with other CT data (collected
focally around the fovea or from an area underneath the
fovea).

As previously reported, the choroid thinned under anti-
VEGF treatment at variable degrees with time [4, 9]. The mean
SFCT and the mean CRT decreased while the mean BCVA
increased. Therefore, it is mathematically possible to find a
correlation between the evolution of the mean SFCT and that
of the mean CRT and the mean BCVA [5]. However, when the
eyes are stratified by outcome as it was done in this work, that
association is actually accidental, reflecting not a prognostic
value but only the effectiveness of the anti-VEGF therapy.

A similar behavior was observed between SFCT, which is
the CT marker most commonly used, and the other CT data
collected at other locations as used in this study (Supplementary
Fig. 1 and Fig. 4).

There were previous retrospective studies pointing out in
different directions, while considering the value of SFCT as a
marker of outcome [10–12]. All had considerable drawbacks:

Table 2 Comparison of outcome measures between anatomic
responders and nonresponders at baseline, 3M, and 6M

Anatomic
nonresponders
(n = 21)

Anatomic
responders
(n = 98)

p value

BCVA

Baseline 67.4 ± 11.1 61.9 ± 12.9 0.037

3M 72.7 ± 11.5 68.2 ± 12.6 0.088

6M 75.7 ± 10.7 71.9 ± 11.6 0.109

CRT

Baseline 367.8 ± 58.2 450.6 ± 108.3 < 0.001

3M 366.2 ± 71.8 336.4 ± 72.3 0.026

6M 367.2 ± 71.2 332.1 ± 74.3

SFCT

Baseline 350.6 ± 73.7 347.3 ± 76.1 0.859

3M 322.9 ± 72.0 326.0 ± 82.3 0.858

6M 326.7 ± 70.6 321.0 ± 78.9 0.762

P value 3M 0.003 < 0.001

P value 6M 0.036 < 0.001

Laser

Yes 14 (66.7%) 51 (52.0%) 0.239

No 7 (33.3%) 47 (48.0%)

Number of injections

4.0 ± 1.2 4.8 ± 1.3 0.016

For anatomic responders’ calculation, only eyes with baseline CMT ≥
300 μm were considered, n = 119 eyes. Eyes were considered responders
if they had a 10% decrease from baseline CRT. The difference in vision
gain between anatomic responders and nonresponders was not statistically
significant. A higher mean baseline CRT correlated with anatomic re-
sponse. The mean baseline SFCT decreased significantly with treatment
in both groups with no statistically significant difference between them

BCVA best-corrected visual acuity scored using the ETDRS letter scale:
62 letters (L) are Snellen 20/58, 67L (20/46), 68L (20/44), 72L (20/36),
73L (20/35), and 76L (20/30); 3M 3-month endpoint after the loading
dose; 6M 6-month endpoint; CRT 1 mm central retinal thickness; SFCT
subfoveal choroidal thickness; SND subfoveal neuroretinal detachment

Fig. 4 Radar chart displaying the percentage of participants with decrease
in the CT parameters at the different time points. SFCT subfoveal
choroidal thickness (dotted black line); CT temp choroidal thickness
1750 μm temporal to the fovea, in the plane defined by the horizontal
line scan encompassing the fovea (orange line); CT nasal same as the
previous but 1750 μm nasal to the fovea (purple line); CT sup choroidal
thickness 1750 μm superior to the fovea, in the plane defined by the
vertical line scan encompassing the fovea (red line); CT inf same as
previous but 1750 μm inferior to the fovea (green line); CT area area of
choroidal thickness from 1750 μm nasal to 1750 μm temporal to the
fovea, in the plane defined by the horizontal line scan encompassing the
fovea (blue line) (Image J software, version 1.48, National Institutes of
Health, USA). 3M 3-month endpoint, 6M 6-month endpoint, 12M 12-
month endpoint, 18M 18-month endpoint, 24M 24-month endpoint.
Results expressed as percentage of eyes that decreased at each endpoint
considered. SFCT shows basically an identical behavior along the time-
line with similar percentages of decrease in all follow-up intervals.
However, data from area measurements show that the percentage of de-
crease is lower at 12M and 18M
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small samples, inclusion of both type 1 and type 2 diabetic
patients, eyes with proliferative retinopathy included, short
follow-up [10–12] the use of Snellen charts to assess BCVA,
an uncommon definition of anatomical responder, and double
organ bias [7, 12]. Snellen charts are not logarithmic and do
not evaluate BCVA accurately bellow 20/50, and the choroid
is actually thicker in type 1 diabetics [4].

About half of the eyes included had previous focal laser
treatment, but focal laser does not seem to change CT [13]. In
the population included, previous history of laser did not
change the parameter profile with time and the differences
found with laser-naives were not significantly different
(Supplementary Fig. 2). As expected, the baseline SFCT de-
creased with age [14]. Nevertheless, the distribution was
widespread and there were several outliers, indicating that
small samples or double organ inclusion may mislead data
when studying the choroid in cross sectional studies (Fig. 3).

A recovery of the mean BCVA and mean CRT that fluctu-
ates over time was observed, as it is the hallmark of the reac-
tive regimens such as PRN (in this study 4.6 ± 1.3 injections at
6M and 5.3 ± 2.0 injections at 12M). However, the evolution

of SFCT did not mimic that profile (Fig. 2). The thickness of
the retina (CRT) decreases more sharply than the thickness of
the choroid (SFCT) (Fig. 2). In the retina, the edema is mostly
composed of liquid material, at least in its early phases, and
may increase the CRT up to two- or threefold. On the other
hand, the choroid is mostly composed of medium and large
vessels (Sattler and Haller layers), the choriocapillaris being
less than 10% of the total choroid thickness. Therefore, the
decrease in the thickness of the choroid mediated by the anti-
VEGF use is probably due to liquid reabsorption, mainly from
the stroma and from the lamellae of the suprachoroidal space
[4]. Anti-VEGF agents act upon blood vessel permeability,
decreasing retinal edema, by improving inner blood retinal
barrier and probably by restoring outer retinal barrier homeo-
stasis. RPE under homeostasis produces VEGF to assure the
choriocapillaris fenestrations, needed to establish the routes for
RPE and outer retina nutrition and for water clearance from the
retina [4]. One may speculate that in diabetes, an overproduc-
tion of VEGF by a RPE under metabolic stress may lead to an
increased permeability of the outer blood retinal barrier, con-
tributing to DME, sometimes with subfoveal neuroretinal

Table 3 Stratification of the
population by functional outcome Functional

nonresponders
(n = 26)

Early functional
responders
(n = 74)

Late functional
responders
(n = 22)

p valuea

BCVA

Baseline 65.3 ± 10.5 62.3 ± 13.2 63.8 ± 13.4 0.535

3M 63.9 ± 13.4 72.2 ± 11.0 65.1 ± 12.6 0.009

6M 64.7 ± 12.0 75.5 ± 9.6 72.7 ± 11.8 < 0.001

CRT

Baseline 420.7 ± 99.1 435.8 ± 109.5 434.9 ± 111.1 0.563

3M 346.9 ± 90.3 334.4 ± 62.0 348.3 ± 86.7 0.712

6M 370.4 ± 111.4 332.3 ± 61.5 311.7 ± 44.4 0.455

SFCT

Baseline 339.3 ± 63.4 343.7 ± 82.6 365.3 ± 62.5 0.532

3M 328.2 ± 71.9 319.3 ± 76.2 335.4 ± 57.5 0.746

6M 303.6 ± 66.4 326.9 ± 83.2 321.7 ± 66.2 0.156

Laser

Yes 22 (84.6%) 36 (48.6%) 10 (45.5%) < 0.001

No 4 (15.4%) 38 (51.4%) 12 (54.5%)

N injections

4.4 ± 1.3 4.7 ± 1.3 4.8 ± 1.3 0.267

Early functional responders is the group of eyes gaining ≥ 5 letters at 3M and late functional responders is the
group of eyes gaining ≥ 5 letters at 6M only

BCVA best-corrected visual acuity scored using the ETDRS letters chart. ETDRS 62 letters (L) are Snellen 20/58,
64L (20/53), 65L (20/50), 72L (20/36), 73L (20/35), and 76L (20/30); 3M 3-month endpoint after the loading
dose; 6M 6-month endpoint; CRT 1 mm central retinal thickness; SFCT subfoveal choroidal thickness
a Comparison responders vs. nonresponders. CRT changes from baseline do not show a statistically significant
difference between responders and nonresponders, displaying the poor correlation between functional response
and anatomic response. SFCT does not show a statistically significant difference between responders and nonre-
sponders, meaning that while decreasing with anti-VEGF treatment it is not a marker of outcome, once the
population is stratified by outcome
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detachment (SND) in the acute phases. These changes can be
reversed by the use of anti-VEGF agents. As the choroid thins
under anti-VEGF administration, a link between the decrease
in CRT, visual restoration, and a decrease in SFCT seemed
unquestionable [5]. Indeed, the idea that the thinning of the
choroid under the action of anti-VEGF may predict the ho-
meostasis of the retina, the water clearance from the retina,
resolution of the edema, and visual recovery, is appealing.
Unfortunately, the thickening of the choroid in diabetes is con-
troversial [4]. More importantly, DME behaves more like a
group of diseases than as a single well-defined disease. As
we pointed out in a previous review [4], and as stated by
another group [15], the presence of SND probably signals an
acute form of DME with outer blood retinal barrier dysfunc-
tion, very prone to be a good anatomic responder. It is possible
that in such cases, the thinning of the choroid mirrors some-
how the restoration of the outer blood retinal barrier homeo-
stasis. It is doubtful, though, that this applies to all forms of
DME, most notably those forms with persistent cysts or retinal
thickening where there is only limited or poor response to anti-
VEGFs and nevertheless the choroid thins. Furthermore, it is
controversial that the SFCT decrease would differentiate those
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Fig. 5 ROC curve analysis
comparing the decrease in SFCT
from baseline to 3M with a ≥ 5 L
gain at EM (early functional
response). Dif T0_T1 is the
difference between mean baseline
SFCT and mean 3M SFCT; Sig is
the P value. The Area (area under
the curve, AUC) of 0.529 means
that the change in baseline SFCT
at 3M does not predict visual gain

Fig. 6 Boxplot or figure of extremes and quartiles of the difference found
in SFCT from baseline to 3M in functional responders at 3M (gain of 5 L
or more) and nonresponders. T0-T1 is the difference between baseline
SFCT and 3M SFCT; NR + LR is the group of nonresponders at 3M
(nonresponders at 6M and late functional responders); ER is the group
of responders at 3M (early functional responders). The distribution of the
baseline—3M SFCT of either group mostly overlaps, meaning that the
decrease in the SFCT at 3M is not a useful tool to mark functional gain
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eyes that would recover vision or retinal edema from those that
would not. When stratified by outcome, the mean SFCT de-
crease seems to be a side effect of the anti-VEGFs only.
Nevertheless, data from area measurements seem to indicate
that the percentage of the choroidal thinning may be an indi-
cator of undertreatment in non-fixed regimens (Fig. 4).

In Table 3, we see that there is a poor correlation of baseline
CRT and functional outcome. The decrease in the CRT is not
significantly different in functional responders and nonre-
sponders. This poor correlation between anatomic response
and functional response has been previously reported [16].

HR scan mode was used as it gives a higher quality image
and allows a good visualization of the choroidoscleral border.
Unlike the automatic segmentationmodes that only include the
choroidal vessels [17], this method includes the suprachoroidal
space, most prone to change, and gives higher scores for the
CT, even when dealing with type 2 diabetics only. Automatic
segmentation was not used because it is not available in the
EDI mode of the software version 6.9.4.0 we used. The central
1 mm cube automatic acquired volume for the choroid is not
available either, even while using the normal non-EDI mode.
However, as long as automatic segmentation does not overpass
its most relevant shortcoming, that is, the need for manual
correction of the border lines, its relevance is questionable.

The results indicating that the mean baseline SFCT does
not predict outcome in DME do not exclude a role of the
choroid in the pathogenesis of DME or DR, for which there
is plenty of evidence [3, 4]..

The biggest limitation of this study is not being a random-
ized controlled trial or involving multiple centers and the
small number of eyes in the longer follow-ups.

The strengths of this study are related to the prospective
profile, the stratification of the eyes treated by outcome and
the correlation of the SFCTwith outcome, the inclusion of one
eye per patient only [18], the inclusion of type 2 diabetics
only, the use of high-resolution scans (HRmode), the multiple
locations for CT evaluation, and the use of the ETDRS scale
for evaluation of BCVA.

In conclusion, the choroid thins with anti-VEGF therapy
but SFCT is not a predictor of outcome in DME. The amount
of the choroid thinning may be an indicator of undertreatment
in non-fixed regimens.
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