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Purpose: This article aims to evaluate how the subfoveal choroidal thickness (SFCT) and best- 
corrected visual acuity (BCVA) respond to the intravitreal injection of bevacizumab and to assess 
the correlation between these changes. It will also assess the use of the baseline SFCT as a predictor 
for BCVA changes in eyes of treatment-naive, diabetic macular edema (DME) patients.
Methods: This retrospective, consecutive case series comprised 59 eyes of 39 treatment- 
naive DME patients. Complete slit-lamp assessment, swept-source optical coherence tomo-
graphy (SS-OCT) scans to measure SFCT and BCVA values were performed at two stages: 
baseline and one month after the third monthly injection of intravitreal bevacizumab.
Results: Patients’ ages ranged from 46.3 to 76.4 years (mean: 62.6 ± 2.3). The mean SFCT 
was 318 ± 82 μm at baseline, which decreased after 3 months to 300 ± 66 μm (P-value = 
0.021). There was an improvement in the mean of the logMAR best-corrected visual acuity 
(BCVA) from 0.7 (decimal equivalent: 0.2) to 0.5 (decimal equivalent: 0.3) (P-value = 
0.019). There was no association between SFCT changes and BCVA changes (P-value = 
0.180). Wilcoxon signed-rank test disclosed that a better BCVA improvement was related to 
a greater subfoveal choroidal thickness at baseline P-value <0.00.
Conclusion: Eyes with a higher baseline subfoveal choroidal thickness (SFCT) attained 
greater BCVA improvement than eyes with a lower baseline SFCT. In addition to this, 
changes to SFCT do not appear to correlate with BCVA changes. These findings do not 
support using OCT SFCT changes as a prognostic factor for changes to BCVA after 
intravitreal bevacizumab treatment in evaluating treatment-naive DME eyes.
Keywords: diabetic macular edema, subfoveal choroidal thickness, best-corrected visual 
acuity, bevacizumab, anti-vascular endothelial growth factor

Introduction
Diabetic Macular Edema (DME) is a serious microvascular complication of dia-
betes mellitus. It is a common sight-threatening retinopathy and a significant cause 
of irreversible vision loss among adults with diabetic retinopathy worldwide,1 with 
a global prevalence of 6.8%.2

In DME, oxidative stress and inflammation due to hyperglycemia lead to abnorm-
alities in retinal vasculature. This plays a major role in the pathophysiology of the 
disease, causing breakdown and malfunction of the blood-ocular barrier, which leads 
to increased retinal vascular permeability, causing plasma, protein, and lipid leakage 
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within the macula and choroid.3 The fluid subsequently 
accumulates within the retina and choroid,4 causing impair-
ment to the choriocapillaris (the major blood supply for the 
outer retina), leading to retinal ischemia, and can critically 
diminish visual acuity.

Reviewing choroidal changes on a macrovascular level 
in patients with diabetic macular edema (DME), several 
studies have shown increased retinal vascular permeability 
that led to choroidal thickening.4 However, other studies of 
choroidal thickness changes in DME patients produced 
diverging results; some reporting thinning,5,6 while others 
found no changes at all. Despite this range of findings in 
the choroidal vasculature in DME, it all leads to the same 
conclusion; abnormal choriocapillaris, ie, impaired retinal 
vasculature, leads to impaired vision.

With the advent of Swept-Source Optical Coherence 
Tomography (SS-OCT), an imaging technique that dis-
plays high-resolution cross-sectional images (introduced 
to clinical practice in 2012), a detailed visualisation of 
the retinal structures and choroid are now possible. This 
is due to its deeper penetration and longer wavelength 
compared to spectral-domain OCT (SD-OCT).7,8

Even with the growing evidence in elucidating choroi-
dal circulation changes in DME,4 the correlation between 
the subfoveal choroidal thickness at baseline and vision 
response to anti-vascular endothelial growth factor (anti- 
VEGF) therapy has not been verified. Therefore, we stu-
died the use of the baseline subfoveal choroidal thickness 
(SFCT) as a predictor for best-corrected visual acuity 
changes in response to bevacizumab injections, as well 
as the correlation between changes of best-corrected visual 
acuity (BCVA) and OCT findings of changes in SFCT one 
month after the third monthly intravitreal bevacizumab 
injection for treatment-naive patients with DME.

Methods
This retrospective, consecutive case series study was con-
ducted at the Ophthalmology Department at An-Najah 
National University Hospital (NNUH) in Nablus- 
Palestine, after obtaining the ethical approval from An- 
Najah National University Institutional Review Board 
(IRB) and following the guidelines of the Declaration of 
Helsinki. Written and verbal informed consent was waived 
due to the retrospective nature of the study, the data was 
anonymized and maintained with confidentiality.

The population included 59 eyes of 39 patients, who had 
been diagnosed with DME, according to the following inclu-
sion criteria: treatment-naive patients before their first anti- 

VEGF injection, given only bevacizumab as a monthly anti- 
VEGF injection for 3 months with a standard dose of 1.25 mg 
(including patients with systemic conditions such as hyper-
tension (10)), and patients determined to have clinically 
significant macular edema based on the Criteria of the 
Early Treatment of Diabetic Retinopathy Study (ETDRS) 
guidelines.9

We excluded patients who had received any type of 
medication related to diabetic retinopathy before or during 
the 3-month course of bevacizumab; such as steroid injection 
or a different anti-VEGF therapy, any patients with previous 
laser therapy or history of intraocular surgery, patients with 
presence of high refractive errors (>+5 and <-5; as choroidal 
thickness may change with the high refractive state), and any 
patients diagnosed with concomitant ocular disease that 
might affect their vision (significant cataract/glaucoma/age- 
related macular degeneration, uveitis, etc.). We also excluded 
patients with non-proliferative diabetic retinopathy.

Patients’ relevant sociodemographic and clinical data 
were recorded, including age, sex, systemic disease, dia-
betes mellitus duration, baseline glycosylated hemoglobin 
(HbA1C), complete slit-lamp biomicroscopic examination 
baseline and follow-up findings, BCVA at baseline and one 
month after the third injection, injection dates, and length of 
follow-up. BCVA values were recorded in a decimal unit 
and converted to LogMar. According to ETDRS and FrACT 
study, CF (counting fingers) at 30 cm can be replaced by 
0.014 in decimal and visual acuity in the HM-range (hand 
motion), replaced by VA of 0.005 in decimal.10

Intervention
Until recently laser therapy was the main treatment of DME, 
reducing the risk of blindness and increasing the opportunity 
for vision improvement compared with conservative manage-
ment. However, these valuable effects are also associated with 
considerable side effects due to the destructive nature of the 
laser photocoagulation on the retina. Recently, clinical trials of 
regular intravitreal injections of anti-VEGF have shown higher 
efficacy regarding vision preservation and decreased vision 
loss compared to laser photocoagulation.11–13

In this study, all participants were treatment-naive 
before their first anti-VEGF injection, and given bevaci-
zumab only, as a monthly anti-VEGF injection for 3 
months with a standard dose of 1.25 mg.

Imaging
Swept-source optical coherence tomography (SS-OCT) 
[Topcon DRI OCT Triton software 2015, version 
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10.15.003.01] findings: SFCT was recorded at the first 
visit as a baseline and one month after the third bevacizu-
mab injection. The SFCT was measured manually as 
a vertical line from the outer surface of the retinal pigment 
epithelium to the lower border of the choroid (choroid- 
sclera interface), by three different researchers separately 
to ensure the reliability and reproducibility of measure-
ments. Each value was an average of 12 scans, with each 
scan centered at the fovea.

Statistical Analysis
All analyses were carried out by the Statistical Package for 
Social Sciences (SPSS) version 21. The data were described 
as mean ± standard deviation, median interquartile range], or 
frequency (percentage). The Kolmogorov–Smirnov test was 
conducted to assess the normality of data distribution, and the 
data was recognised as non-normally distributed data. 
Univariate analysis was accomplished to assess the influence 
of demographic and clinical characteristics (age, gender, 
systemic diseases, diabetes mellitus duration, and glycosy-
lated hemoglobin (HbA1C)) on the continuous dependent 
variables (BCVA and SFCT). Additionally, the Wilcoxon 
signed-rank test was used to make a comparison between 
the findings at baseline and one month after the third injec-
tion. It was also used to assess whether baseline SFCT can 
predict BCVA response to bevacizumab therapy one month 
after the third injection. Then, by using the continuous mea-
surements (BCVA and SFCT changes), a bivariate analysis 
(Spearman’s rank correlation coefficients) was conducted to 
investigate the correlation between these changes. A p-value 
less than 0.05 is statistically significant.

Results
The demographic and clinical characteristics of patients 
with DME are shown in Table 1. The study examined 59 
eyes of 39 participants, 18 females [46%] and 21 males 
[54%]. The mean age was 62.6 ± 2.3 years (ranging 
between 46.3 and 76.4 years). Diabetes mellitus duration 
was 19 ± 9 years, glycosylated hemoglobin (HbA1C) 
mean was 8.7 (± 2) with a range from 6 to 14. There 
were 6 patients (15%) with systemic disease (eg, hyperten-
sion) and 33 patients (85%) free of systemic disease (other 
than diabetes mellitus).

In univariate analysis, there was no statistically significant 
effect of independent variables (age, gender, systemic dis-
eases, diabetes mellitus duration, or glycosylated hemoglobin 
(HbA1C)) on the dependent variables including BCVA 
(P-value=0.062) and SFCT (P-value=0.400).

Ocular characteristics data are shown in Table 2. After 
intravitreal bevacizumab injections, the mean LogMar 
BCVA was significantly improved from 0.7± 1 (Decimal 
equivalent: 0.2 ± 0.1) at baseline to 0.5± 0.7 (Decimal 
equivalent: 0.3 ± 0.2) at one month after the third injection 
(P=0.019). In regard to the SFCT characteristics shown in 
Figure 1; after three months of treatment, the subfoveal 
choroidal thickness mean was significantly reduced to 300 
± 66 μm when compared to the baseline mean value of 318 ± 
82 μm (P=0.021). Bivariate analysis results have shown no 
significant correlation between BCVA changes and SFCT 
changes with a p-value of 0.18. In non-parametric univariate 
analysis, Wilcoxon signed-rank test results have demon-
strated that a greater BCVA improvement was significantly 
related to a higher baseline subfoveal choroidal thickness at 
one month after the third injection (P-value <0.00).

Discussion
This retrospective case series study aims to ascertain 
whether the subfoveal choroidal thickness at baseline is an 
indicator for treatment outcome, and to assess the correlation 

Table 1 Socio-Demographic and Clinical Characteristics of 
Diabetic Macular Edema Eyes Treated with Bevacizumab 
Therapy (39 Patients, 59 Eyes)

Age (year)

Mean (SD) 62.6 (2.3)

Median (Q1-Q3) 63 (56–69)
Range (Minimum-Maximum) 46.3–76.4

Gender
Male 21 [54%]

Female 18 [46%]

Duration of diabetes (year)

Mean (SD) 19 (9)

Median (Q1-Q3) 20 (14–29)
Frequency (%): 5–15 (y) 11 (28%)

16–20 (y) 8 (20%)

21–30 (y) 11 (28%)
>30 (y) 6 (15%)

Unknown 3 (8%)

Systemic diseases (eg, HTN)

Frequency (%): Free 33 (85%)

Yes 6 (15%)

HbA1C

Mean (SD) 8.7 (2)
Median (Q1-Q3) 8.2 (7.4–10)

Range (Minimum-Maximum) 6–14

Abbreviations: SD, standard deviation; y, year; HbA1C, glycosylated hemoglobin; 
HTN, hypertension; Q1-Q3, quartile 1-quartile 3.
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between the changes in BCVA and SFCT after intravitreal 
bevacizumab therapy in treatment naive DME patients.

The choroidal vasculature delivers nutrients to and removes 
metabolic wastes from the outer retinal layers, and therefore 
plays a significant role in the preservation of healthy visual 
function.14 Diabetic retinopathy has a clinical characteristic of 
ischemic retinopathy, causing localised hypoxia, triggering 
VEGF and other angiogenic factor overproduction. This in 
turn triggers degeneration and edematous leakage of the chor-
iocapillaris, leading to impaired choroidal circulation, poten-
tially progressing to retinal dysfunction and visual impairment. 
The results from this study indicate that the baseline subfoveal 

choroidal thickness (SFCT) may prognosticate the short-term 
bevacizumab response. Patients with a thicker baseline subfo-
veal choroidal thickness were more likely to experience an 
improvement in visual function at the 3-month follow-up. The 
potential mechanism behind this finding, pre-existing thicker 
choroid, may be associated with more intact choriocapillaris, 
less outer retinal layer ischemia, and more functional photo-
receptors compared with patients with a thinner choroidal thick-
ness. The findings of this study are consistent with the findings 
of Rayess et al, which concluded that baseline subfoveal chor-
oidal thickness may prognosticate which patients with DME 
will experience BCVA improvement.15

Table 2 Comparison of Outcomes for Patients with Diabetic Macular Edema Eyes (39 Patients, 59 Eyes) at Baseline and After 3 
Months of Bevacizumab Therapy

Mean (SD) Median (Q1-Q3) P-valuea

SFCT (mm)

Baseline 318 (82) 304 (263–358) 0.021
3 months 300 (66) 294 (245–342)

Change from baseline −17.5 (52) −10 (−50–20)

BCVA (LogMar)

Baseline 0.7 (1) 0.5 (1–0.4) 0.019
3 months 0.5 (0.7) 0.5 (0.8–0.3)

Change from baseline 1.3 (1) 2 (−0.5–1)

BCVA change and SFCT change

Spearman Correlation −0.2

P-value (sig)b 0.18

Baseline SFCT and BCVA change

P-value (sig)c ≤0.01

Notes: aSymbolises if the difference between the outcomes at baseline and 3-month for each variable is statistically significant. bSymbolises if the correlation between BCVA 
change and SFCT change is statistically significant. cSymbolises if the effect of the baseline SFCT on the BCVA change is statistically significant. 
Abbreviations: SD, standard deviation; SFCT, subfoveal choroidal thickness; BCVA, best-corrected visual acuity; Q1-Q3, quartile 1-quartile 3.

Figure 1 SFCT characteristics at baseline, 3 months and changes.
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Conversely, this study showed a non-significant corre-
lation between BCVA and SFCT changes, contradicting 
the Nourinia et al study,16 which suggested SFCT changes 
were significantly associated with vision improvement. In 
our study, a small percentage of our patients showed the 
same results, but it did not reach statistical significance. 
We attribute this difference to the small sample size in the 
previous study (only 20 eyes of 20 patients); therefore, 
these results clearly warrant further study.

There were some limitations of this study including the 
retrospective nature, the manual calculation of choroidal 
thickness using OCT scans, and owing to the short follow- 
up time being unable to deduce whether these outcomes 
would remain significant with continuing longer-term ther-
apy. In addition to this, all of our patients received bevacizu-
mab treatment due to its cost-effectiveness,17 without taking 
the baseline visual acuity into consideration, disregarding the 
DRCR.net protocol T. However, there were also several 
strengths of this study including a relatively good sample 
size (59 eyes) in comparison to other studies,6,16 and the use 
of SS-OCT, rather than SD-OCT; which gives more accurate 
measurements.7 Also, stipulating treatment-naive patients 
only mitigated the influence of any previous intravitreal 
injections on subfoveal choroidal thickness.

Conclusion
DME is a common cause of visual impairment in diabetic 
patients. The results of this study suggest that subfoveal 
choroidal thickness at baseline could be used as 
a predictive factor for visual outcomes in treatment-naive 
patients with DME after a short course of bevacizumab. 
Consequently, patients who had a thicker subfoveal choroi-
dal thickness at baseline were more likely to experience 
a notable improvement in vision with bevacizumab therapy.
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