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Purpose: To study vitreoretinal interface (VRI) abnormalities in diabetic macular edema 

(DME) and the influence of these on the effectiveness of intravitreal anti-vascular endothelial 

growth factor (VEGF) therapy.

Methods: VRI status and central retinal thickness (CRT) were evaluated using line and 

3D-reference scans obtained using spectral domain-optical coherence tomography RTVue-100 

before and 1 month after intravitreal anti-VEGF injection (IVI). VRI status was categorized into 

five subgroups: normal VRI, retinal surface wrinkling associated with the eccentric epiretinal 

membrane (ERM), ERM involving the macular center, vitreomacular adhesion (VMA), and 

vitreomacular traction (VMT).

Results: A total of 105 eyes of 89 patients were included in the study. One month after IVI, the 

mean change of CRT in normal VRI eyes and eyes with VRI abnormalities was −128.0±144.7 µm 

and −53.0±96.4 µm (p0.05), respectively. The mean change of CRT 1 month after IVI in each 

subgroup with VRI abnormalities, apart from the subgroup with retinal wrinkling associated 

with eccentric ERM, was statistically significantly lower compared to the eyes with normal 

VRI (p0.05).

Conclusion: VRI abnormalities significantly reduce the effectiveness of intravitreal anti-VEGF 

therapy in eyes with DME. Eyes with noticeable changes of VRI, including ERM involving 

the macular center, VMA, and VMT have a poorer response to anti-VEGF therapy compared 

to eyes with normal VRI or eccentric ERM.

Keywords: diabetic macular edema, anti-VEGF, optical coherence tomography, epiretinal 

membrane, vitreomacular adhesion, vitreomacular traction

Introduction
Diabetic macular edema (DME) is the leading cause of deteriorated visual acuity in 

patients with diabetes.1,2 However, two recent innovations in ophthalmology have 

revolutionized DME management. Optical coherence tomography (OCT) allows for 

the “in vivo” evaluation of microstructural vitreoretinal interface (VRI) changes.3–5 

The discovery of vascular endothelial growth factor (VEGF) and the subsequent 

development of new agents targeting VEGF pathway have made a pathogenesis-

oriented approach possible for DME therapy.6–9 Currently, intravitreal anti-VEGF 

injections (IVIs) are considered to be the first-line therapy for treatment of DME.10–15 

However, anti-VEGF therapy alone is not sufficient in controlling macular edema 

in all cases. Variable outcomes among the DME patients treated with anti-VEGF 

reflect the multifactorial pathogenesis of the disease, where not only VEGF but 

many other factors also play an important role. A number of spectral domain-OCT 
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(SD-OCT)–based studies have shown the importance of VRI 

changes in the development of a macular hole, epiretinal  

membrane (ERM), and vitreomacular traction (VMT) 

syndrome.16–20 Currently, the range of VRI abnormalities 

detected by SD-OCT includes ERM, VMT, vitreomacular 

adhesion (VMA), macular cysts, paravascular cysts, full 

thickness macular hole, and lamellar macular hole.21,22 The 

prevalence of VRI abnormalities reported in the literature 

ranges from 6.5% to 75% depending on definitions and 

methods used.23–28

In this article, we studied VRI abnormalities in DME 

and the effect of these on the effectiveness of anti-VEGF 

therapy.

Materials and methods
This was a retrospective case–control study. The study was 

approved by the Ethics Committee of Military Medical 

Academy and followed the tenets of the Declaration of 

Helsinki. All patients gave written informed consent for both 

participation in the study and for anti-VEGF therapy.

Only patients with DME (defined as central retinal sub-

field thickening .250 μm based on RTVue-100 [Optovue 

Inc, Fremont, CA, USA] SD-OCT) and well-controlled 

diabetes (defined as hemoglobin A1c [HbA1c] 7.5%) who 

received at least three consecutive injections of intravitreal 

anti-VEGF agents on a monthly basis were included in 

the study.

Exclusion criteria included tractional retinal detachment; 

full-thickness macular hole; ischemic maculopathy (dem-

onstrated by fluorescein angiography); OCT strength signal 

index 50.0; previous vitrectomy, intravitreal steroids, laser 

treatment, or any other intraocular surgery during the study 

as well as any coexisting retinal diseases (including retinal 

vein occlusion and uveitis).

After comprehensive ophthalmic examination, including 

measurement of the best-corrected visual acuity (BCVA) and 

fundus biomicroscopy with a noncontact lens, all patients 

underwent an OCT examination for analysis of the VRI. The 

BCVA was assessed using a Snellen chart. BCVA values 

were converted to logMAR for statistical analysis. Patients 

were followed-up on a monthly basis. BCVA measurement 

and OCT examination were repeated at every visit.

Patients were eligible for anti-VEGF treatment if central 

retinal thickness (CRT) 250 µm at initial visit or during the 

follow-up. The administration of 0.3 mg ranibizumab was 

performed following topical anesthesia and povidone–iodine 

eye cleansing.

Spectral domain optical coherence 
tomography
All OCT examinations were performed with an SD-OCT 

RTVue-100 using a standardized protocol. For each eye, 

a retinal cross-sectional image and a three-dimensional 

macular scan pattern centered on the fovea were performed. 

Retinal cross-sectional images were obtained with line 

scan pattern (16,384 A-scans averaged to a single scan 

image), 6 mm in length, with enhanced depth imaging. 

Three-dimensional macular scans were obtained using the 

3D-reference scan pattern, which was composed of 141 

7-mm B-scans each consisting of 385 A-scans. For all study 

eyes, CRT value, defined as the average retinal thickness 

(distance from the inner limiting membrane to the retinal 

pigment epithelium) within a central subfield, was obtained 

with EMM5 scan pattern. VRI changes within the central 

subfield were evaluated on cross-sectional image centered 

on the fovea. VRI changes outside the central subfield 

were evaluated on each individual scan of the 3D-reference 

scan pattern.

In VRI abnormalities, group changes of VRI were 

categorized into four subgroups: 1) retinal surface wrinkling 

with the presence of eccentric ERM, 2) ERM involving the 

macular center, 3) VMA, 4) VMT (Figure 1). Our classifica-

tion scheme for VRI abnormalities was based on previously 

published classifications.22,27 Normal VRI (control group) was 

defined as retinal thickening with intraretinal cystoid spaces 

without retinal surface wrinkling, ERM, or vitreoretinal 

traction/adhesion.

VMA was considered present when the posterior hyaloid 

had partially detached from the inner retinal surface but 

remained attached within a 3-mm radius of the fovea without 

any changes in the retinal contour.22 If a partial adhesion 

of posterior hyaloid within a 3-mm radius of the fovea 

was present in combination with resulting changes in the 

retinal contour, the eye was considered to have VMT.22,29 

VMT syndrome was considered present when the posterior 

hyaloid had partially detached from the inner retinal sur-

face but remained adhered in the fovea with symptomatic 

intraretinal structural changes of the foveal retina (distor-

tion of the foveal surface, macular schisis, and lamellar 

macular hole).22,29 ERM was defined as a partially adhered 

hyperreflective band on the inner retinal surface with cor-

rugation within the inner retinal layers. Additionally, in 

cases of eccentric ERM and ERM involving the macular 

center, the location of ERM was evaluated by OCT en face 

imaging (Figure 2).
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Primary and secondary outcome 
measures
Primary outcome measures were the presence or absence 

of VRI abnormalities: retinal wrinkling associated with 

eccentric ERM, ERM involving the macular center, VMA, 

and VMT. Secondary outcome measure was the change in 

CRT 1 month after IVI compared to baseline.

Statistical analysis
All data were collected and analyzed by Statistica 10.0 

(StatSoft, Inc., Tulsa, OK). One-way analysis of variance 

test with Bonferroni correction for multiple comparisons was 

used to compare baseline variables between the study groups. 

The chi-square testing (two-tailed Fisher’s exact test) was 

used to compare categorical variables between the groups. 

Differences in CRT measurements between eyes before and 

after anti-VEGF injections were analyzed with the Mann–

Whitney U test. A p0.05 was significant. The values are 

expressed as the mean ± standard deviation.

Results
Medical records and OCT images from 120 eyes of 89 patients 

were retrospectively reviewed from February 2011 to 

Figure 1 Representative examples of cross-sectional optical coherence tomography scans from eyes with diabetic macular edema with a normal vitreoretinal interface and 
various vitreoretinal interface abnormalities.
Abbreviations: ERM, epiretinal membrane; IVI, intravitreal anti-VEGF injection; VMA, vitreomacular adhesion; VMT, vitreomacular traction; VRI, vitreoretinal interface.

Figure 2 Retinal wrinkling associated with eccentric epiretinal membrane. (A) En  
face image demonstrates epiretinal membrane (arrowhead) and tension lines 
spreading along the inner retinal surface to the foveal center. (B) Retinal thickness 
map shows retinal thickening within central subfield. (C) B-scan through the foveal 
center demonstrates retinal wrinkling (asterisks). The white line represents the 
position of B-scan.

The presence or absence of VRI abnormalities as well as 

baseline CRT and CRT at 1 month after IVI were evaluated 

for each individual IVI. In cases where the patient received 

more than one IVI, the data for each individual injection were 

included in the analysis.
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August 2016. One hundred and five eyes of 72 patients 

fulfilled the inclusion criteria and were included in the 

study. Patients were aged from 30 to 97 years (average, 

66.3±13.5 years). Of the 72 patients, 40 (55.5%) were men 

and 32 (44.5%) were women. The mean duration of DME was 

17.3±22.8 months. Patients included in the study received a 

mean of 1.5 (range, 1–3) anti-VEGF treatments per eye and 

in total 162 individual IVIs were performed during the study. 

The mean follow-up was 1.7±1.1 (range, 1–4) months.

The mean baseline BCVA was 0.71±0.45 logMAR. 

One month after IVI, the mean BCVA changed to 0.70± 
0.50 logMAR (p=0.56) but this change was not statistically 

significant. Mean CRT at baseline and 1 month after IVI was 

553.7±153.7 µm and 451.5±123.4 µm, respectively (p0.05). 

At baseline, 59 eyes (56%) and 46 eyes (44%) demonstrated 

normal VRI and VRI abnormalities, respectively (Table 1). 

During the study period, VRI abnormalities were noted in 

77 of 162 individual IVIs (47.7%). In normal VRI eyes and 

eyes with VRI abnormalities, mean baseline CRT was 560.0± 
158.6 µm and 521.8±135.8 µm (p=0.11), respectively. One 

month after IVI, the mean CRT in normal VRI eyes and eyes with 

VRI abnormalities decreased significantly to 432.0±113.5 µm  

(p0.001) and 468.8±110.6 µm (p0.05), respectively 

(Figure 3). After IVI, the mean change of CRT in normal VRI 

eyes and eyes with VRI abnormalities was −128.0±144.7 µm 

and −53.0±96.4 µm, respectively (Figure 4).

At baseline, retinal wrinkling was identified in six (5.7%) 

eyes (13.0% of the eyes with VRI abnormalities). In all eyes 

with retinal wrinkling, en face imaging revealed eccentric 

ERM. When the prevalence of an ERM was analyzed using all 

105 eyes at all 162 individual IVIs, an ERM was detected in 

10 (6.2%) of those individual IVIs (13.0% of individual IVIs 

in eyes with VRI abnormalities), with 152 individual IVIs 

free of eccentric ERM. At baseline, ERM was identified in 

13 (12.4%) eyes (28.2% of the eyes with VRI abnormalities). 

The presence of an ERM was analyzed using all 105 eyes at 

all 162 individual IVIs. An ERM was found in 17 (10.5%) of 

those individual IVIs (28.2% of individual IVIs in eyes with 

VRI abnormalities), with 145 individual IVIs free of ERM. 

At baseline, VMA was identified in 17 (16.2%) eyes (37.0% 

of the eyes with VRI abnormalities). A VMA was found in 

37 (22.8%) of 162 individual IVIs (48.0% of individual IVIs 

in eyes with VRI abnormalities), with 125 individual IVIs 

free of ERM. At baseline, VMT was identified in 10 (9.5%) 

eyes (21.7% of the eyes with VRI abnormalities). A VMT 

was found in 14 (8.6%) of 162 individual IVIs (18.2% 

of individual IVIs in eyes with VRI abnormalities), with 

148 individual IVIs free of ERM. Table 2 shows the baseline 

characteristics of abnormal VRI subgroups.

One month after IVI, the CRT showed a statistically insig-

nificant decrease in all abnormal VRI subgroups (Table 3). 

In eyes with retinal wrinkling associated with eccentric ERM, 

CRT decreased from 655.0±183.1 µm to 535.5±139.9 µm 

(p0.05). In eyes with center involving ERM CRT decreased 

from 516.7±160.2 µm to 451.7±124.0 µm (p0.05). 

In eyes with VMA and VMT, CRT decreased from 

507.6±105.7 µm to 463.2±94.3 µm and from 468.6±94.6 µm 

to 450.7±111.7 µm (p0.05), respectively (Figure 5). The 

mean change of CRT 1 month after IVI in eyes with retinal 

wrinkling associated with eccentric ERM, eyes with center 

Table 1 Baseline characteristics of studied eyes

Characteristics Normal VRI VRI abnormalities

Eyes (%) 59 (56%) 46 (44%)
Individual IVI (%) 85 (52.5%) 77 (47.5%)
Phakic/pseudophakic 47/12 40/6
Type I diabetes, eyes (%) 6 (37.5%) 10 (62.5%)
Type II diabetes, eyes (%) 53 (59.5%) 36 (40.5%)
Baseline CRT, µm 560.0±158.6 521.8±135.8
Mean CRT 1 month after IVI, µm 432.0±113.5a 468.8±110.6b

Mean change of CRT, µm −128.0±144.7c −53.0±96.4c

Notes: ap0.001 for the comparison of mean CRT 1 month after IVI vs baseline 
CRT. bp0.05 for the comparison of mean CRT 1 month after IVI vs baseline CRT. 
cp0.001 for the comparison of normal VRI vs VRI abnormalities. Data presented as 
number, number (%), and mean ± SD.
Abbreviations: IVI, intravitreal anti-VEGF injection; CRT, central retinal thickness; 
VRI, vitreoretinal interface.

Figure 3 Difference in CRT before and 1 month after anti-VEGF injection in 
eyes with normal vitreoretinal interface and eyes with vitreoretinal interface 
abnormalities. The CRT value for abnormal VRI group was calculated as the mean 
value among patients with: 1) retinal wrinkling associated with eccentric epiretinal 
membrane, 2) epiretinal membrane involving the macular center, 3) vitreomacular 
adhesion, and 4) vitreomacular traction. s, P,0.05.
Abbreviations: CRT, central retinal thickness; IVI, intravitreal anti-VEGF injection; 
VRI, vitreoretinal interface; s, statistically significant.
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Figure 4 Change in CRT 1 month after anti-VEGF injection in eyes with normal 
vitreoretinal interface and eyes with vitreoretinal interface abnormalities. The 
CRT value for abnormal VRI group was calculated as the mean value among 
patients with: 1) retinal wrinkling associated with eccentric epiretinal membrane,  
2) epiretinal membrane involving the macular center, 3) vitreomacular adhesion, and 
4) vitreomacular traction. s, P,0.01.
Abbreviations: CRT, central retinal thickness; VRI, vitreoretinal interface; s, 
statistically significant.

Table 2 Comparison of baseline characteristics between the four VRI abnormalities subgroups

Characteristics Retinal wrinkling associated  
with eccentric ERM

ERM involving the  
macular center

VMA VMT

Eyes (%) 6 (13) 13 (28) 17 (37) 10 (22)
IVI 8 21 31 17
Phakic/pseudophakic 6/0 11/2 14/3 9/1
Age, years 63.3±12.8 69.4±11.3 62.2±10.1 62.0±10.2
Type I diabetes, eyes (%) 2 (33.3%) 1 (7.6%) 3 (17.6%) 4 (40%)
Type II diabetes, eyes (%) 4 (66.7%) 12 (92.4%) 14 (82.4%) 6 (60%)
Diabetes duration, years 13.2±5.4 17.8±6.1 14.9±9.7 18.7±9.6

Note: Data presented as number, number (%), and mean ± SD. 
Abbreviations: ERM, epiretinal membrane; IVI, intravitreal anti-VEGF injection; VMA, vitreomacular adhesion; VMT, vitreomacular traction; VRI, vitreoretinal interface.

involving ERM, eyes with VMA, and eyes with VMT 

was −119.5±131.0 µm, −65.0±87.4 µm, −44.3±85.7 µm, 

and −17.9±89.7 µm, respectively. The mean change of CRT 

1 month after IVI in each subgroup with VRI abnormalities, 

apart from the subgroup with retinal wrinkling associated with 

eccentric ERM, was statistically significantly lower compared 

to the eyes with normal VRI (p0.05) (Figure 6).

Discussion
IVIs are the standard approach for the treatment of DME. 

With adequate dosing regimen, anti-VEGF treatment pro-

vides a decrease of CRT on OCT and substantial and stable 

improvement of visual acuity. However, randomized clinical 

trials were not designed to evaluate the effectiveness of 

anti-VEGF therapy with regard to VRI abnormalities. At the 

same time, changes of VRI play an important role in the 

pathophysiology of macular diseases, including macular 

hole,16 ERM,17 and VMT18 all of which are associated with an 

increase in CRT. In contrast to DME, in these conditions, 

an increase of CRT is caused not by upregulation of VEGF 

and vascular hyperpermeability, but anteroposterior or tan-

gential tractions which are followed by secondary vascular 

hyperpermeability and retinal thickening.

We found that anti-VEGF treatment is most effective in 

eyes without any VRI abnormalities detected by OCT in the 

border zone between the retina and vitreous. In these eyes, 

CRT was statistically significantly lower 1 month after IVI 

compared to baseline value.

The absence of statistically significant differences in 

baseline CRT between normal VRI eyes and eyes with VRI 

abnormalities excludes the role of VRI changes as a significant 

cause of retinal thickening in DME eyes with VRI abnormali-

ties. At the same time, change of CRT 1 month after IVI in 

normal VRI eyes was statistically significantly higher than that 

in eyes with VRI abnormalities. This fact proves the inferior-

ity of anti-VEGF therapy for DME eyes associated with VRI 

abnormalities compared to those with normal VRI.

There was no statistically significant difference in CRT 

1 month after IVI compared to baseline for eyes with any 

subtype of VRI abnormalities. Nevertheless, change of CRT 

1 month after IVI in eyes with retinal wrinkling associated 

with eccentric ERM was found to be not statistically signifi-

cantly different from that in normal VRI eyes, whereas it was 

statistically significantly lower in eyes with ERM involving 

the macular center, VMA, and VMT.
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Table 3 Comparison of CRT measurements in eyes with normal VRI and the four VRI abnormalities subgroups

Normal VRI Retinal wrinkling 
associated with  
eccentric ERM

ERM involving  
the macular  
center

VMA VMT

Baseline CRT, µm 560.0±158.6 655.0±183.1 516.7±160.2 507.6±105.7 468.6±94.6
CRT 1 month after  
intravitreal injection, µm

432.0±113.5 535.5±139.9 451.7±124.0 463.2±94.3 450.7±111.7

Change of CRT, µm −128.0±144.7 −119.5±131.0 −65.0±87.4a −44.3±85.7b −17.9±89.7b

Change of CRT, % −19.7±20.8 −16.0±16.0 −11.2±13.5 −7.5±15.8 −3.2±17.3

Notes: ap0.05 compared with normal VRI subgroup. bp0.001 compared with normal VRI subgroup. Data presented as mean ± SD.
Abbreviations: CRT, central retinal thickness; ERM, epiretinal membrane; IVI, intravitreal anti-VEGF injection; CRT, central retinal thickness; VMA, vitreomacular adhesion; 
VMT, vitreomacular traction; VRI, vitreoretinal interface.

Figure 5 Difference in central retinal thickness before and 1 month after anti-VEGF injection in eyes with normal vitreoretinal interface and in four vitreoretinal interface 
abnormality subgroups. s, P,0.001.
Abbreviations: ERM, epiretinal membrane; IVI, intravitreal anti-VEGF injection; VMA, vitreomacular adhesion; VMT, vitreomacular traction; VRI, vitreoretinal interface; 
ns, not statistically significant; s, statistically significant.

These findings suggest that retinal wrinkling associated 

with eccentric ERM should be considered a distinct subtype 

of VRI abnormality. This subtype of VRI abnormality is char-

acterized by wrinkling of retinal surface or retinal plication 

in the macular center associated with retinal thickening. In 

a recent study, Wong et al described eccentric ERM and 

ERM involving the macular center as two distinct clinically 

significant conditions, but the practical application of such 

classification was not considered.27 In our study, we showed 

that the difference between normal VRI and eccentric 

ERM (as well as the similarity between the latter and other 

subtypes of abnormal VRI) results from the absence of a 

statistically significant difference between baseline CRT 

and CRT 1 month after IVI in eyes with eccentric ERM as 

was found in eyes with VRI abnormalities but not in eyes 

with normal VRI. On the other hand, eyes with eccentric 

ERM did not show a significant difference in CRT change 

after IVI compared to normal VRI eyes. Therefore, retinal 

wrinkling associated with eccentric ERM appears to be the 

mildest abnormal VRI subtype (and the most sensitive to 

anti-VEGF treatment) among all abnormal VRI subtypes 

considered in this study.

A possible explanation for retinal wrinkling can be 

found through analysis of en face OCT images. Using en 

face imaging, ERM was found outside of the macular center 

in all eyes with retinal wrinkling. The proliferation of the 

cellular component leading to progressive contraction of the 

ERM results in radial tangential traction lines and irregular 

tension along the inner retinal surface involving the foveal 

center and appearing as retinal wrinkling. Therefore, even 

though ERM is absent just above the fovea, tangential trac-

tion forces cause distant changes of inner foveolar contour. 
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This suggestion for the cause of retinal wrinkling explains 

the fact that anti-VEGF effectiveness in terms of retinal 

thickness varies widely within the subgroup of eyes having 

eccentric ERM (which includes both eyes with a significant 

reduction of CRT after IVI and eyes with poor anti-VEGF 

response). The distance from eccentric ERM to the foveal 

center might have a correlation with the reduction of retinal 

thickness following anti-VEGF therapy. For example, far 

eccentric ERM, despite the association with retinal wrin-

kling, may contribute less to retinal thickening, compared 

to parafoveolar, but not center involving ERM. In contrast, 

parafoveolar ERM may have a relatively stronger mechani-

cal impact on retinal thickening, which results in a decrease 

of the magnitude of retinal thickness reduction during anti-

VEGF therapy. Nevertheless, evidence from additional study 

is needed to confirm this suggestion.

This study is not without limitations. First, only mor-

phological changes (change in CRT) and not visual acuity 

were considered as a measure of the effectiveness of treat-

ment, although it should be remembered that the effective-

ness of anti-VEGF therapy is not obviously correlated with 

functional outcome, since the latter can be compromised by 

persistent structural change in the fovea including ellipsoid 

zone disruption or ischemic maculopathy. The second limi-

tation of this study relates to its retrospective nature. Third, 

the size of subgroups with VRI abnormalities was relatively 

small and not controlled. This fact could partially explain the 

absence of a statistically significant difference in CRT before 

and after anti-VEGF treatment in each separate abnormal VRI 

subgroup while CRT significantly decreased when consider-

ing all abnormal VRI subgroups as a whole.

The data from this study may have an impact on clinical 

practice patterns in DME management and could allow 

clarification of the optimal intervention in certain naïve, or 

poor, anti-VEGF response patients with regard to the status 

of VRI and subtype of VRI abnormality. To begin with, for 

patients without VRI abnormalities, having the lowest risk for 

tangential or anteroposterior tractions, the preferred practice 

pattern may be based on intravitreal anti-VEGF therapy. 

Second, patients with VRI abnormalities (ERM involving 

the macular center, VMT, and VMA) which result in signifi-

cant traction forces, may be recommended for vitrectomy. 

Last, the choice of treatment for patients with eccentric 

ERM may depend on the eccentricity of ERM but can be 

accurately determined after a single IVI. For patients with 

a poor response after a single IVI, vitrectomy for eccentric 

ERM might be an effective option.

Conclusion
In this study, we have shown that traction forces play a major 

role in the pathogenesis of DME and reduce the effective-

ness of intravitreal anti-VEGF therapy in eyes with VRI 

abnormalities. This study also demonstrates the significant 

variability in response to anti-VEGF therapy among eyes 

with DME associated with different subtypes of VRI abnor-

malities. Eyes with noticeable changes of VRI, including 

Figure 6 Change in central retinal thickness 1 month after anti-VEGF injection in eyes with normal vitreoretinal interface and in four vitreoretinal interface abnormality 
subgroups. s, P,0.05.
Abbreviations: ERM, epiretinal membrane; VMA, vitreomacular adhesion; VMT, vitreomacular traction; VRI, vitreoretinal interface; ns, not statistically significant; 
s, statistically significant.
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