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Background/Objectives: The purpose of this study was to present an association between 
the treatment response of diabetic macular edema (DME) to intravitreal ranibizumab (IVR) 
injections and different morphology patterns using spectral domain optical coherence tomo-
graphy (SD-OCT).
Subjects/Methods: This retrospective study included 216 eyes of 142 subjects who 
received IVR for DME and were observed for at least 2 years. Medical charts and SD- 
OCT images of consecutive patients were reviewed at baseline, 1, 3, 6, 12, and 24 months 
after first IVR treatment. The OCT patterns were characterized as diffuse retinal thickening 
(DRT), cystoid macular edema (CME), serous retinal detachment (SRD), and vitreomacular 
interface abnormalities (VMIAs). All patients were classified into four groups based on the 
OCT findings.
Results: For a total of 216 eyes, 36 eyes were classified into the DRT group, 76 in the CME 
group, 42 in the SRD group, and 62 in the VMIA group. There were significant central 
macula thickness (CMT) improvements in all groups at the 1st month and the 2nd year, 
except for the DRT group at the 2nd year. Patients with OCT findings of hyperreflective dots 
(HRDs), metabolic parameters of hyperlipidemia, and coronary artery disease (CAD) had 
significantly less improvements in CMT at 2-year follow-up (P=0.029, 0.007, <0.001, 
respectively).
Conclusion: A trend toward decreased effectiveness after long-term IVR treatment was 
observed in the DRT group. Consistent IVR treatment could still achieve favorable improve-
ment in the reduction of CMT in 2-year follow-up in the VMIA group. Different OCT 
patterns in DME may affect the therapeutic role of anti-VEGF agents and predict the 
structure outcome.
Keywords: optical coherence tomography, diabetic macular edema, antivascular endothelial 
growth factors

Introduction
Diabetic macular edema (DME) is one of the major complications of diabetic 
retinopathy and a leading cause of visual impairment, with prevalence rates up to 
12.8% among those with diabetes from population-based studies.1 Even though the 
focal (direct/grid) laser photocoagulation has been the gold standard treatment for 
decades, intravitreal anti-vascular endothelial growth factors (anti-VEGF) injection 
has been developed as the first-line therapy for DME due to superior visual out-
comes and tolerable risks.2,3
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Spectral domain optical coherence tomography (SD- 
OCT) contributes in understanding the morphological 
changes and the intraretinal damage of DME and has 
been used in diagnosing, optimizing early treatment, and 
monitoring the effect of therapies for macular edema.4,5 

Various patterns of DME have been recognized on SD- 
OCT, including diffuse retinal thickening (DRT), cystoid 
macular edema (CME), serous retinal detachment (SRD), 
and vitreomacular interface abnormalities (VMIAs).6–13

Previous studies have reported that the effect of intra-
vitreal Bevacizumab (IVB) treatment was predictable 
among different patterns of DME.7,9,11,12,14 The anatomic 
outcome and central macula thickness (CMT) evolution 
also predicted better vision outcomes.15 It is likely that 
each morphologic subtype of DME may have distinctive 
aspects that could be responsible for different anatomic 
responses to treatment with the currently favored anti- 
VEGF therapy.

Therefore, in our present study, we aimed to investigate 
the association between different patterns on SD-OCT and 
the response to intravitreal ranibizumab (IVR) injections.

Materials/Subjects and Methods
Data Source and Ethical Declaration
We retrospectively reviewed the medical records of 652 
eyes (433 patients) with diabetic macular edema that were 
treated with intravitreal ranibizumab injection between 
February 2013 and June 2019 in Chiayi Chang Gung 
Memorial Hospital. Our study was approved by the 
Chang Gung Memorial Hospital Institutional Review 
Board (IRB: 201901410B0). Patient consent to review 
their medical records was not required by the Chang 
Gung Memorial Hospital Institutional Review Board 
owing to the retrospective nature of the review. The data 
of participants were anonymized and maintained with con-
fidentiality. We conducted our studies in compliance with 
recognized international standards and the principles of the 
Declaration of Helsinki.

Subjects Selection
The inclusion criteria were patients diagnosed with dia-
betic retinopathy with clinically significant macular edema 
(CSME) as defined by ETDRS, and CMT of >300 μm as 
documented on OCT. The exclusion criteria includes: 1) 
Patients with ocular disease excepting cataract and dia-
betic retinopathy; 2) Received any previous macular focal 
laser therapy, prior anti-VEGF/intravitreal triamcinolone 

injections or any other types of anti-VEGF except 
Ranibizumab during 2-year follow-up period; and 3) 
Received any panretinal photocoagulation or intraocular 
surgery within 3 months of beginning the study period.

Every patient received at least one intravitreal injection 
of 0.5 mg of ranibizumab (0.05 mL). Ranibizumab 
(Lucentis; manufactured in the United States by 
Genentech/Roche) is a recombinant humanized IgG1 
monoclonal antibody fragment that binds to and inhibits 
vascular endothelial growth factor A (VEGF-A). The need 
of re-injection was determined by the treating physician’s 
best judgment, mainly based on persistent SRF/CME or 
CMT >300 μm. Patients were examined postoperatively 
monthly for 3-months, and then 24-month follow-up per-
iod was completed, using SD-OCT (Optovue Inc, USA) 
with software version 6.2.2.73. Designated time points 
included baseline, 1 month, 3 months, 6 months, 12 
months and 24 months follow-up. The eyes were categor-
ized into four groups based on the OCT morphologies.

Data Collection
At first visit, all patients underwent complete ophthalmic 
examination, including slit-lamp examination, intraocular 
pressure measurement, best-corrected Snellen visual acuity 
(BCVA), fundus photography, retina thickness measure-
ment by OCT, and fluorescence angiography. The Snellen 
visual acuity measurements were converted to LogMAR 
scale (the logarithm of the minimum angle of resolution) 
for statistical analysis. Metabolic parameters were also 
assessed through review of the comprehensive medical 
records, including hypertension (HTN), coronary artery 
disease (CAD), stroke, chronic kidney disease (CKD), 
hyperlipidemia, thyroid disease, and cancer. The decision 
of whether to perform reinjection or not was based on 
increased or persistent fluid on OCT at the monthly control 
visits.

Outcome Measurement
The anatomic outcome was defined as CMT reduction 
between the baseline and the control visit. The CMT was 
automatically calculated as the average retinal thickness 
within the central circle of a 500-μm radius.

The OCT patterns were defined into four types; the 
DRT, CME, SRD, and VMIA pattern, as described 
previously.12 All cases were evaluated by at least two 
graders. When disagreement occurred, a third senior retina 
specialist would determine the final grading. Kappa statis-
tics were used to evaluate the level of agreement between 
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the two graders (the observed kappa coefficient was 
94.2%). On the basis of the VMIA pattern, the OCT 
finding was characterized as epiretinal membrane (ERM) 
or vitreomacular traction (VMT). The presence of hyper-
reflective dots (HRDs) on SD-OCT was also documented, 
which were defined as small, discrete, and well- 
circumscribed punctiform white lesions <50 μm in dia-
meter, and of similar or higher reflectivity than the RPE 
band with the absence or minimal back-shadowing. The 
HRDs were subdivided into the following categories, 
according to the location: inner retina (from internal limit-
ing membrane to outer nuclear layer) and outer retina 
(from ELM to the RPE).

All patients were categorized into four groups based on 
the OCT findings, as described in our previous work.12 

Briefly, patients with only pure DRT were classified as 
Group 1. When CME were measured as the dominant 
pattern, the patients were classified as Group 2. Patients 
with SRD but without VMIA were sorted into group 3. 
Eyes with ERM or VMT were classified into group 4 
regardless of pattern combinations.

Statistical Analysis
All analyses were computed by using PASW Statistics 18 
software (Version 18.0. Chicago: SPSS Inc.). The baseline 

characteristic of patients and changes in CMT were ana-
lyzed by using Chi-square and one-way ANOVA. 
Differences of CMT between baseline and every visit 
were evaluated by paired t-test. The correlation of CMT 
and each parameter between the four groups were using 
generalized estimating equation (GEE). A P-value less 
than 0.05 is considered statistically significant.

Results
In total, OCT scans taken from 216 eyes of 142 patients 
comprised the study population for evaluation of OCT 
morphologic characteristics. Four hundred and thirty-six 
eyes were excluded from the study due to previous IVB 
injection (n=81), ocular disease apart from diabetic retino-
pathy and cataract (n=23), uncontrolled glaucoma (n=12), 
intraocular surgery or panretinal photocoagulation within 3 
months before the first IVR injection (n=13), and any 
missing data or poor OCT image quality at designated 
time points (n=307).

Patient characteristics are summarized in Table 1. The 
mean age of the patients was 65.73±9.24 years. No differ-
ences were noted among the four groups with regard to the 
baseline characteristics of gender, baseline VA, HbA1c, 
diabetes retinopathy stage, panretinal photocoagulation, 
and average 1 year and 2 years dosage. The overall 

Table 1 Characteristics of Groups of Patients in the Study

DRT Group CME Group SRD Group VMIA Group P-value

No. of eyes 36 76 42 62

Male/Female 11/4 33/15 15/12 30/22 0.454

Baseline CMT 328.64±41.06 405.66±108.53 513.98±165.65 410.10±75.58 <0.001
Baseline VA (logMAR) 0.71±0.37 0.68±0.37 0.77±0.32 0.79±0.40 0.270

Age, years 64.60±9.20 64.92±9.41 60.96±9.61 69.27±7.64 0.001

1 year dosage 4.08±1.13 4.34±1.20 4.31±1.05 4.32±1.55 0.770
2 years dosage 5.47±1.81 5.42±1.89 5.29±1.67 5.16±2.15 0.832

NPDR/PDR 11/25 29/47 15/27 24/38 0.854

PRP 25 (69.4) 52 (68.4) 32 (76.2) 46 (74.2) 0.777
Pseudophakia 10 (27.8) 13 (17.1) 7 (16.7) 27 (43.5) 0.002

High Myopia 3 (8.3) 2 (2.6) 1 (2.4) 0 (0.0) 0.101

Smoking 1 (6.7) 4 (8.3) 0 (0.0) 1 (1.9) 0.176
HbA1c 7.78 ± 1.20 7.38 ± 1.29 7.69 ± 0.90 7.59 ± 1.18 0.577

Hypertension 10 (66.7) 28 (58.3) 14 (51.9) 36 (69.5) 0.432

Hyperlipidemia 4 (26.7) 7 (14.6) 3 (11.1) 11 (21.2) 0.496
Stroke 1 (6.7) 2 (4.2) 2 (7.4) 3 (5.8) 0.942

CKD 3 (20.0) 10 (20.8) 6 (22.2) 9 (17.3) 0.953

Thyroid 0 (0.0) 1 (2.1) 0 (0.0) 0 (0.0) 0.535
Cancer 0 (0.0) 1 (2.1) 1 (3.7) 3 (5.8) 0.558

Abbreviations: CMT, central macula thickness; VA, visual acuity; PDR, proliferative diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; PRP, panretinal 
photocoagulation; CAD, coronary artery disease; CKD, chronic kidney disease; DRT, diffuse retinal thickening; CME, cystoid macular edema; SRD, serous retinal detachment; 
VMIAs, vitreomacular interface abnormalities.
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average dosages of injections for all patients in the 
first year are 4.29±1.26 and 5.33±1.90 in 2 years. The 
baseline CMT and age were significantly different between 
the four OCT patterns (P<0.001, P=0.001), with the SRD 
group having a higher mean baseline CMT (513.98 
±165.65) and the VMIA group the older mean age 
(69.27±7.64).

For a total of 216 eyes, 36 eyes were classified into the 
DRT group, 76 in the CME group, 42 in the SRD group, 
and 62 in the VMIA group. The common combinations of 

morphological subtypes of DME noted in our study are 
summarized in Table 2, with the most common combina-
tion being the DRT/CME, DRT alone, and DRT/CME/ 
SRD in numerical order. The effects of IVR injection 
therapy on DME, based on OCT patterns, are summarized 
in Table 3 and Figure 1. The changes from baseline CMT 
for all four groups were evaluated at 1-month, 3-months, 
6-months, 1-year, and 2-years after injection. The mean 
CMT were significantly decreased at the 1st month after 
treatment for all patients. At the 2nd year after all injec-
tions, the reductions in CMT were still significant in all 
groups except the DRT group (P=0.405). Moreover, in the 
DRT group, the subgroup of baseline CMT <350 mm 
achieved better resolution of CMT (P<0.001). The final 
CMT were not significantly different between all groups at 
2-year follow-up (P=0.386).

The comparisons of the 2-year follow-up data of the 
four groups using generalized estimating equation are 
shown in Table 4. Upon DRT as the reference group, the 
reductions in retinal thickness were more evident in the 
CME and SRF groups for each time point (P<0.001 for 
each) except the CME group at the 1st month (P=0.062). 
For the VMIA group, though the differences were not 
statistically significant initially, it showed significant dif-
ferences in the changes of CMT at the 2nd year of follow- 
up (P<0.001). Besides different OCT morphology, we 
found patients with pseudophakia had better CMT resolu-
tion (P=0.016). Patients with OCT finding of HRDs, 

Table 2 Common Combinations of Morphological Subtypes

OCT Patterns All, n (%)

DRT (group 1)
DRT alone 36 (16.67)

CME (group 2)
CME alone 20 (9.30)

DRT/CME 56 (25.93)

SRD (group 3)
CME/SRD 11 (5.09)
DRT/CME/SRD 22 (10.19)

VMIA (group 4)
ERM alone 12 (5.56)

DRT/ERM 14 (6.48)

DRT/CME/ERM 16 (7.41)

Abbreviations: DRT, diffuse retinal thickening; CME, cystoid macular edema; SRD, 
serous retinal detachment; VMIAs, vitreomacular interface abnormalities; ERM, 
epiretinal membrane.

Figure 1 The effects of IVR therapy among different OCT patterns in 2-year follow-up.
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metabolic parameters of hyperlipidemia, and coronary 
artery disease (CAD) had significantly less improvements 
in CMT at the 2-year follow-up (P=0.029, 0.007, <0.001, 
respectively).

Discussion
In our current study, there are significant CMT improve-
ments in all groups at the 1st month. The injection seems 
effective as primary treatment for all groups and could 
maintain the response with the final CMT showed no 
significant difference between all groups at the 2-year 
follow-up. The DRT group did not achieve significant 
CMT reduction at the 2nd year as the first month after 
IVR treatment. Besides the possible reason of smaller 
CMT at baseline in the DRT group, this result may indi-
cate a trend toward decreased effectiveness after long-term 
IVR treatment. Patients with OCT finding of HRDs, meta-
bolic parameters of hyperlipidemia and CAD had signifi-
cantly less improvements in CMT at 2-year follow-up.

In DME, liquid accumulation can occur in intracellular or 
extracellular spaces due to cytotoxic or vasogenic 
processes.16 Several patterns of macula edema depending 
on the location of intracellular or extracellular fluid were 
first described by Otani et al.17 Though the vasogenic or 
inflammatory etiology of DME is very difficult to distinguish 
from OCT, several studies attempted to identify the DME 
pattern in predicting the evolution of the disease and its 
response to treatment.8,9,11,12,18–23 Investigators have found 
variable results for visual and anatomic improvement in 
different groups after IVB treatment. Several studies sug-
gested that eyes with CME may benefit more from IVB 
treatment than eyes with more diffuse patterns of 

DME,9,12,21,22 while others proposed better effectiveness in 
the DRT type or even not predictive of OCT response.20,24

A similar association in patients with DME under-
going ranibizumab treatment has been demonstrated by 
Sophie et al,25 in which the presence of subretinal fluid 
implied a better response to treatment. On the other hand, 
Hoon Seo et al19 found DRT maintained a good response 
to ranibizumab in a fewer number of injections compared 
with other OCT subtypes. The reason for those disparities 
is unclear, though there are substantial differences in 
study designs. In our current study, the reductions of 
CMT were more evident in both CME and SRF groups 
during 2 years of follow-up, similar to previous studies 
demonstrated by Sophie et al.25

In many cases of persistent DME, vitreomacular traction 
plays a substantial role.8,26 Surprisingly, it showed signifi-
cant differences in the changes of CMT at the 2nd year of 
follow-up (P<0.001) in the VMIA group, with an average 
reduction of −80.85 (14.38) µm. This implies us though in 
case of VMIA, which the treatment strategy used to be 
surgically relief of traction rather than laser photocoagula-
tion or intravitreal medications, a consistent intravitreal 
injection of ranibizumab could still achieve favorable 
improvement in reduction of CMT in our 2-year observa-
tion. The IVR treatment for DME inhibits the VEGF-A, 
a critical effector for several pro-inflammatory mediators in 
the posterior vitreous cortex, including cytokines, chemo-
kines, and vascular cell adhesion molecules, which are 
highly correlated with ERM formation. Besides, long-term 
intravitreal injection attributes to repetition of volume 
expansion, which may accelerate posterior vitreous detach-
ment and be beneficial in the natural history of DME.27

Table 3 The Effects of IVR Therapy Between Different Groups

DRT, Mean±SD CME, Mean±SD SRD, Mean±SD VMIA, Mean±SD

Baseline CMT (µm) 328.64±41.07 405.66±108.53 513.98±165.65 410.10±75.58
1st month CMT (µm) 297.86±50.70 347.17±77.98 328.52±87.18 378.81±85.76

3rd month CMT (µm) 311.19±66.61 326.32±97.11 288.21±68.76 368.82±88.01

6th month CMT (µm) 318.89±49.81 317.58±76.39 317.00±106.66 367.32±75.52
12th month CMT (µm) 308.42±44.60 308.57±73.428 288.67±81.02 368.60±86.78

24th month CMT (µm) 317.33±69.63 304.78±77.91 306.90±121.01 329.24±80.69

CMT differences (SE) between baseline and 1st month −30.78 (8.09) −58.49 (12.59) −185.4 (22.75) −31.29 (10.98)

P-value 0.001 <0.001 <0.001 0.006

CMT differences (SE) between baseline and 2nd years −11.31 (13.41) −100.88 (16.08) −207.07 (27.43) −80.85 (14.38)

P-value 0.405 <0.001 <0.001 <0.001

Abbreviations: IVR, intravitreal ranibizumab injection; CMT, central macula thickness; DRT, diffuse retinal thickening; CME, cystoid macular edema; SRD, serous retinal 
detachment; VMIAs, vitreomacular interface abnormalities.
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More recent work has found that SD-OCT may be 
useful not only for observation of macular thickness and 
morphologic changes in DME, but also in tracking of 
HRDs in the outer nuclear layer that may represent pre-
cursors of hard exudates, migrating RPE cells or degener-
ated photoreceptor cells.10,–14,–28–30 Hwang et al10 

suggested more HRDs might reflect increased inflamma-
tion in the retina and be more effective when treated 
with dexamethasone in their observation. Contrarily, 
Schreur et al28 yielded disparate results of higher numbers 
of HRDs at baseline were associated with adequate treat-
ment response to anti-VEGF. In our study, OCT 
findings of HRDs demonstrates less improvement in 
CMT at 2-year follow-up (P=0.029), which may also 
imply the possible feature for shifting to dexamethasone 
therapy. HRDs could play a different role in predicting 
visual prognosis in different patterns of DME. Kang et al 
further subdivided HRDs into inner retinal, outer retinal 
and SRF HRDs. They suggested a high number of outer 
retinal HRDs was a poor visual prognostic factor in all 
patterns of DME, and hypothesized that these migrated 
HRDs might be responsible for the damage of photorecep-
tor status.14 In our study, we did not find the corrections 
between inner or outer retinal HRDs and CMT reduction 
(P=0.388, 0.522, respectively).

There may be different key mechanisms involved in the 
development of specific types of DME based on OCT 
classification.16,31,32 Some researchers emphasized the 
sequential order from the intracellular swelling, cyst forma-
tion to the more severe form of liquid accumulation under 
the neurosensory retina initiated by progressive Müller cells 
damage.16 On the aspect of sub-retinal micro-environment, 
RPE dysfunction is an early event associated with hypergly-
cemia that contributes to fluid accumulation in DME,32,33 

which is considered to have different pathophysiology and 
be associated with earlier change and less ellipsoid zone 
(EZ) damage.34 This could partially explain the better results 
of CMT reduction in the SRD group of our study, as well as 
the different outcomes between the groups.

Although studies have shown clear improvement in 
macular edema on OCT after anti-VEGF treatment, 
a disconnection still remains in some patients who demon-
strate anatomic improvement in macular edema but no 
concordant functional response. Metabolic parameters 
may contribute to the different patient response to similar 
regimens of anti-VEGF therapy.35 In our study, we found 
hyperlipidemia and CAD (P=0.007, <0.001, respectively) 
to be risk factors of poor CMT resolution. These findings 

Table 4 Comparison of the 2-Year Follow-Up Data of the Four 
Groups Using Generalized Estimating Equation

Variables Central Macular Thickness

b SE 95% CI P-value

Interception 273.13 34.76 205.00, 341.26 <0.001

Group

DRT Reference

CME 71.06 14.07 43.48,98.63 <0.001

SRD 182.85 25.71 132.47, 233.24 <0.001

VMIA 82.79 12.60 58.10, 107.49 <0.001

Time after treatment

1 month −30.78 7.98 −46.41,−15.42 <0.001

3 months −17.44 9.99 −37.03,2.14 0.081

6 months −9.75 7.37 −24.19,4.69 0.186

12 months −20.22 8.87 −37.61,−2.84 0.023

24 months −11.31 13.22 −37.21,14.6 0.392

Group x time

CME x 1 month −27.71 14.83 −56.78,1.36 0.062

CME x 3 month −61.90 15.64 −92.55,−31.25 <0.001

CME x 6 month −78.33 14.55 −106.86,−49.80 <0.001

CME x 12 month −76.87 17.53 −111.23,−42.51 <0.001

CME x 24 month −89.58 20.74 −130.22,−48.94 <0.001

SRF x 1 month −154.68 23.85 −201.43,−107.92 <0.001

SRF x 3 month −208.32 27.73 −262.66,−153.98 <0.001

SRF x 6 month −187.23 24.42 −235.09,−139.37 <0.001

SRF x 12 month −205.09 27.50 −258.99,−151.19 <0.001

SRF x 24 month −195.77 30.15 −254.86,−136.67 <0.001

VMIA x 1 month −0.513 13.50 −26.97,25.95 0.970

VMIA x 3 month −23.83 16.55 −56.28,8.62 0.150

VMIA x 6 month −33.02 13.15 −58.80,−7.25 0.012

VMIA x 12 month −21.28 14.94 −50.56,8.01 0.154

VMIA x 24 month −69.55 19.44 −107.66,−31.44 <0.001

Gender

Male Reference

Female −12.83 8.15 −28.81,3.15 0.115

Age 0.50 0.42 −0.31,1.32 0.228

PRP −10.62 9.49 −29.22,7.98 0.263

High Myopia 9.79 23.81 −36.88,56.46 0.681

Smoking −3.01 11.43 −25.42,19.40 0.792

Alcohol −21.24 12.20 −45.16,2.68 0.082

HbA1c 0.25 3.41 −6.43,6.93 0.942

Hypertension −4.62 8.38 −21.05,11.81 0.581

CAD 50.85 13.94 23.52,78.17 <0.001

Stroke −18.86 19.45 −56.98,19.25 0.332

CKD 14.38 8.39 −2.08,30.83 0.087

Thyroid −13.49 17.76 −48.30,21.32 0.448

Cancer 4.53 19.85 −34.38,43.43 0.820

Hyperlipidemia 26.45 9.88 7.09,45.80 0.007

OCT Finding:

IS/OS disruption −9.36 13.75 −36.31,17.58 0.496

HRDs 17.09 7.84 1.72,32.45 0.029

Abbreviations: PRP, panretinal photocoagulation; CAD, coronary artery disease; CKD, 
chronic kidney disease; DRT, diffuse retinal thickening; CME, cystoid macular edema; 
SRD, serous retinal detachment; VMIAs, vitreomacular interface abnormalities; IS/OS, 
inner segment/outer segment; HRDs, hyperreflective dots.
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may provide additional insight that serum lipids were 
associated with the pathogenesis of DME36 and the sever-
ity of microvascular disease could impact on the final 
resolution.

Finally, this study has several limitations that require 
consideration. It is a non-randomized and uncontrolled 
study. Data were collected retrospectively from a relatively 
small number of patients without a standardized treatment 
regimen. We overcame any limitations that may have derived 
from poor-quality images, previous treatments, or short fol-
low-up period, resulting in our relatively large number of 
excluded cases. Eyes with different duration of DME, control 
of DM, and timing for injections were also not evaluated, 
reflecting real-life conditions in daily practice.

In summary, different OCT patterns in DME may affect 
the therapeutic role of anti-VEGF agents and predict the 
structure outcome. The IVR seems effective as a primary 
treatment for all patients. A trend toward decreased effec-
tiveness after long-term IVR treatment was observed in the 
DRT group. A consistent intravitreal injection of ranibizu-
mab could still achieve favorable improvement in reduction 
of CMT in 2-year follow-up in the VMIA group, which 
should not be precluded from further anti-VEGF treatment 
when surgical intervention is not feasible. Further larger 
prospective, randomized, controlled clinical trials are 
required to evaluate the correlation between the response of 
different anti-VEGF treatments and OCT morphology.
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