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Abstract

Purpose To examine the prognosis of patients with

diabetic macular edema (DME) before Japanese approval

of antivascular endothelial growth factor (VEGF).

Methods This retrospective study included 135 eyes of

115 patients who received treatments (photocoagulation,

pharmacological treatments, vitrectomy) for DME between

January 2003 and August 2012. The best-corrected visual

acuity (BCVA) before and 1, 3, 6, 12, and 24 months after

treatment was examined. BCVA was classified based on

the decimal value of BCVA before treatment as good

(BCVA[ 0.7, BCVA = 0.7), moderate (BCVA[ 0.7 but

\0.2), or poor (BCVA\ 0.2, BCVA = 0.2), and each

prognosis of BCVA was investigated.

Results Thirty-five (25.9 %) patients were classified with

good BCVA, while 69 (51.1 %) had moderate and 31

(23.0 %) poor BCVA. Following 24 months of treatment,

the averaged good BCVA maintained its value

(0.0513 ± 0.0954 to 0.0773 ± 0.258). Similarly, the av-

eraged moderate BCVA maintained its value

(0.449 ± 0.169 to 0.441 ± 0.431), whereas the averaged

poor BCVA significantly improved (1.070 ± 0.291 to

0.879 ± 0.361: p\ 0.001). Specifically, the averaged

BCVA of patients who initially received vitrectomy in-

creased 0.380 logMAR after 24 months (0.859 ± 0.414 to

0.479 ± 0.549).

Conclusion DME patients with good BCVA at the time

of initial treatment generally maintained the averaged

BCVA at 24 months, while patients with moderate BCVA

did not significantly improve without a standard regimen of

anti-VEGF therapy. However, the results indicate that early

vitrectomy is a potential treatment option for DME patients

with poor BCVA.
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Introduction

Diabetic macular edema (DME) is a disease associated

with diabetic retinopathy that causes irreversible macular

changes. Treatment for DME has evolved since 1985, when

reports from the early treatment diabetic retinopathy study

indicated that macular photocoagulation could reduce the

risk of visual loss by 50 % [1, 2]. In the 1990s, vitrectomy

was considered an effective treatment for diffuse macular

edema [3–5]. In 2000, the effectiveness of intravitreal tri-

amcinolone acetonide (IVTA) was demonstrated, although

the associated long-term prognoses have been poor, and

related risks of cataracts and high intraocular pressure have

been reported [6, 7].

More recently, a large-scale clinical trial involving

treatment with antivascular endothelial growth factor

(VEGF) antibodies demonstrated better prognoses than

laser photocoagulation alone [8]. Consequently, the effec-

tiveness of anti-VEGF for the treatment of DME has been

confirmed [8–13]. However, the clinical trials excluded

patients with good best-corrected visual acuity (BCVA)

without foveal involvement, as well as patients with severe
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diabetic retinopathy, or severe DME and poor initial

BCVA. In addition, over 30 % of the patients received

photocoagulation in the anti-VEGF monotherapy group.

Therefore, the results of the clinical trials might not reflect

the actual complexity of the clinical setting. We believe

that the clinical setting should be a factor in the selection of

anti-VEGF and other kinds of treatment.

In Japan, limited information exists on the effects of

treatment with anti-VEGF antibodies in DME patients

because intravitreal anti-VEGF (ranibizumab) injection for

DME was only recently approved (February 2014). In the

current study, we examined the prognosis of DME patients

who received different treatments including vitrectomy,

photocoagulation and pharmacological treatments in order

to evaluate the efficacy of the various approaches prior to

the approval of anti-VEGF therapy in Japan.

Subjects and methods

Subjects

The subjects were 163 consecutive patients (183 eyes) who

received treatment for DME at St. Luke’s International

Hospital (Tokyo, Japan) from January 2003 to August

2012. The subjects included patients who were followed up

for[6 months following the initial day of treatment. Forty-

four of 183 eyes were not followed up for[6 months. The

number of patients available for follow-up until 6 months

was 135, that for up to 12 months was 132, and that for up

to 24 months was 114. Because of the potential influence

of this on the main outcome of the study, exclusion criteria

included the presence of vitreal hemorrhage and severe

cataracts (Emery–Little grade [3) before treatment or

vitreal hemorrhage and progression of cataracts (Emery–

Little grade[3) following treatment. The data of three eyes

with vitreous hemorrhage and one eye with severe cataract

during the observation period were dropped from the onset

of these diseases. Eventually, there were 115 subjects (94

men, 41 women, 135 eyes), and the average age of the

patients was 63.4 ± 7.5 years (range 41–80 years). The

average duration of follow-up was 22 months (range

6 months–2 years). Patients with macular traction without

macular edema were not included, but patients with

macular traction with macular edema based on the diabetic

vascular abnormality were included.

Methods

This study was approved by the Institutional Review Board

of St. Luke’s International Hospital Clinical Research

Ethics Committee prior to commencing this study.

We performed retrospective chart reviews of patients

undergoing microaneurysm photocoagulation, subthreshold

micropulse diode laser photocoagulation, grid laser photo

coagulation, IVTA, subtenon triamcinolone acetonide

(STTA) injection, and vitrectomy with inner limiting

membrane peeling combined with phacoemulsification plus

intraocular lens implantation, or intravitreal anti-VEGF

(bevacizumab) injection as a single or multiple session

treatment for DME. At the time of this study, anti-VEGF

treatment had not yet been approved in Japan; therefore,

only a few patients in this study had received this treat-

ment. Upon approval by the ethical review board, intrav-

itreal injections of bevacizumab were administered.

The following data were extracted from each of the

charts: BCVA measurements before the treatment and at 1,

3, 6, 12, and 24 months after initial treatment, treatment

history during the observation period, OCT scans per-

formed before the treatment, and any notation of general

complications.

The correlation between factors before treatment and the

prognosis was examined. The prognosis was defined as the

following status. Patients who had at least 0.3 logMAR

improvements during the observation period and/or deci-

mal BCVA values greater than 0.7 on the last visit were

defined as good and all the others were defined as poor.

A previous study reported that the BCVA before treat-

ment correlated with the BCVA after treatment in DME

[5]. We categorized BCVA before treatment. All subjects

were classified into three groups based on the decimal

value of BCVA before treatment including good

(BCVA[ 0.7, BCVA = 0.7), moderate (BCVA[ 0.7 but

\0.2), and poor (VA\ 0.2, BCVA = 0.2). Since receiv-

ing a driver’s license in Japan requires a 0.7 or more

decimal BCVA, we defined good visual acuity as above

this value. Since standard social life requires an ap-

proximately 0.2 or more decimal value, we defined mod-

erate as above that value and poor as below. The BCVA

decimal value was converted to logMAR units for com-

parison, and changes in BCVA were evaluated. Charts

were reviewed for possible causes of treatment failure. All

OCT scans obtained in the horizontal and sagittal plane

using a Zeiss Stratus OCT 3000 scanner (until November

2009; Carl Zeiss Meditec Inc., Dublin, CA, USA) or a

Cirrus HD-OCT scanner (from November 2009 until Au-

gust 2012; Carl Zeiss Meditec Inc., Dublin, CA, USA)

were analyzed by a single well-trained ophthalmologist

(KO). The morphology of macular edema observed on

OCT scans was classified into five groups according to

Otani’s classification [14]: sponge-like retinal swelling,

cystoid macular edema (CME), serous retinal detachment

(SRD), a combination of CME and SRD (CME ? SRD),

and posterior hyaloidal traction with macular edema

(Fig. 1). Central macular thickness (CMT) was also
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measured based on automatic 6 9 6-mm cube data cap-

tured with the same OCT instruments. Further, according

to a report by Abedi et al. [15], subtracting 60 from CMT

values determined by a Cirrus HD-OCT instrument can

calculate CMT values equivalent to those determined by

the OCT 3000 instrument.

All statistical analyses were performed using SPSS

15.0 J for Windows (SPSS Japan Inc., Tokyo, Japan). The

changes in BCVA were compared using the Wilcoxon

signed-rank test. For factors before treatment influencing

BCVA prognosis, factors with p\ 0.2 following univariate

analysis were subjected to multivariate analysis, and fac-

tors with p\ 0.05 were considered statistically significant

by the linear recurrence method.

Results

The characteristics of the DME patients included in this

study are detailed in Table 1. Mean serum HbA1c levels

were 7.05 ± 1.26 %. Forty-three (31.8 %) patients had

diabetic kidney disease, and ten (7.4 %) required dialysis.

Mean CMT before treatment was 479 ± 173 lm. Fifty-

four (38 %) eyes had a CMT[ 500 lm, 68 (48 %) had a

CMT C 300 lm but B500 lm, and 20 (14 %) had a

CMT\ 300 lm. Macular edema before treatment was

categorized as CME in 99 (68 %) eyes, CME ? SRD in 18

(12 %) eyes, sponge-like retinal swelling in 12 (8 %) eyes,

SRD in 9 (6 %) eyes, and posterior hyaloidal traction in 8

(6 %) eyes.

The average number of treatments was 2.36, with 71

eyes (48 %) receiving a single treatment and 77 eyes

(52 %) requiring at least one additional treatment during

the observation period. Treatments included macular pho-

tocoagulation (128 eyes), anti-VEGF (60 eyes), vitrectomy

(52 eyes), STTA (40 eyes), and IVTA (39 eyes; Table 2).

All patients who received vitrectomy underwent pha-

coemulsification and intraocular lens implantation simul-

taneously. Generally, patients with lightly thickened

macular edema received focal photocoagulation (including

subthreshold micropulse diode laser) if they had good

BCVA (BCVA[ 0.7, BCVA = 0.7). Grid laser

Fig. 1 The morphology of macular edema. Images are classified into five groups according to Otani’s classification. a Sponge-like retinal

swelling, b cystoid macular edema, c serous retinal detachment, d a combination of CME and SRD, and e posterior hyaloidal traction
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photocoagulation, IVTA, STTA, or anti-VEGF was applied

in patients with moderate BCVA (BCVA\ 0.7 but[0.2).

Grid laser photocoagulation was applied to the patient

presenting with diffuse dye leakage, while IVTA was ap-

plied (from 2003 to 2007) in patients with severe diffuse

macular edema. STTA injection and/or photocoagulation

Table 1 Characteristics of

diabetic macula edema patients
Number (%) or mean ± standard deviation

Visual acuity before treatment 0.489 ± 0.408

Central macular thickness (lm) 479 ± 173

Macular volume (mm3) 10.6

Intraocular lens

Pseudophakic 26 (19.3)

Phakic 109 (80.7)

HbA1c (%) 7.05 ± 1.26

Diabetic kidney disease 43 (31.8)

Dialysis 10 (7.4)

Hypertension

Yes 67 (49.6)

No 68 (50.4)

Diabetic retinopathy (Davis classification)

Simple retinopathy 6 (4.4)

Preproliferative retinopathy 97 (71.9)

Proliferative retinopathy 32 (23.7)

Morphologic classification

SLRS 12 (8.8)

CME 88 (65.2)

SRD 9 (6.7)

CME ? SRD 18 (8.9)

PHT 8 (5.9)

Severity of macular edema

CMT C 500 lm 54 (40.0)

300 lm C CMT[ 500 lm 68 (50.4)

CMT\ 300 lm 13 (9.6 %)

Hard exudates in the central foveaa

Present 60 (44.4)

Absent 75 (55.6)

CME cystoid macular edema, CMT central macular thickness, PHT posterior hyaloid traction, SLRS

sponge-like retinal swelling, SRD serous retinal detachment
a Hard exudate existence defined if it is within the center fovea

Table 2 Types and frequency

of treatments for diabetic

macula edema

Treatment No. of treatments at first time Total no. of treatments

Photocoagulation 58 128

Microaneurysm coagulation 11

Grid coagulation 19

Subthreshold micropulse coagulation 28

IV-VEGF 23 60

STTA 26 40

IVTA 7 39

Vitrectomy 21 52

IVTA intravitreal triamcinolone acetonide, IV-VEGF intravitreal antivascular endothelial growth factor,

STTA sub-Tenon triamcinolone acetonide
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for microaneurysm were performed in patients with mod-

erately thickened macular edema. Vitrectomy was the

treatment of choice in patients with poor BCVA

(BCVA\ 0.2, BCVA = 0.2) and extremely thickened

macular edema and in patients with posterior hyaloidal

traction. In cases that involved changes in the BCVA

grading following treatment, patients received different

treatments. Upon approval by the ethical review board, a

single intravitreal injection of bevacizumab was adminis-

tered to steroid responder patients and to patients with

diffuse macular edema who had not been responsive to

prior treatments. Thirty-eight eyes of 32 patients in which

triamcinolone acetonide was administered presented with

cataract progression, and 34 eyes of 30 patients underwent

vitrectomy combined with phacoemulsification plus in-

traocular lens implantation between observation periods.

Average BCVA (logMAR) prior to treatment and at 1, 3,

6, 12, and 24 months after treatment was 0.489 ± 0.408,

0.455 ± 0.408, 0.410 ± 0.360, 0.399 ± 0.384, 0.419 ±

0.410, and 0.437 ± 0.465, respectively. Compared to

baseline (before treatment) BCVA values, the measure-

ments at 3, 6, and 12 months following treatment improved

significantly (p = 0.002, p = 0.001 and p = 0.048, re-

spectively). However, following 24 months of treatment,

the difference in BCVA compared to pretreatment values

was not significantly different (Fig. 2). BCVA before

treatment was moderately correlated with BCVA at

24 months after treatment (Fig. 3).

The results of univariate analyses revealed that BCVA

before treatment, HbA1c levels, presence of intraocular

lens, and dialysis were factors that potentially influenced

BCVA prognosis. Multivariate analysis showed that only

dialysis was significantly correlated with prognosis.

Before treatment, there were 35 (25.9 %) patients with

good, 69 (51.5 %) with moderate, and 31 (23.0 %) with

poor BCVA. At 24 months, there were 41 eyes (36.0 %)

with good, 51 eyes (44.7 %) with moderate, and 22 eyes

(19.3 %) with poor BCVA.

Patients with averaged good BCVA were maintained

(range 0.0513 ± 0.0954 to 0.0773 ± 0.278). Similarly,

patients with averaged moderate BCVA were maintained

(range 0.449 ± 0.169 to 0.441 ± 0.431). In patients with

poor BCVA, significant improvement in BCVA at 1, 3, 6,

12, and 24 months after treatment was 0.970 ± 0.297,

0.894 ± 0.232, 0.835 ± 0.373, 0.848 ± 0.290, and

0.879 ± 0.361, respectively. Further, the differences were

significant at 3, 6, 12, and 24 months compared to baseline

measurements (p\ 0.001 for all comparisons). BCVA at

24 months in the group with poor BCVA prior to treatment

was significantly lower than values from the groups with

good or moderate BCVA (Fig. 4). In particular, BCVA

significantly increased 0.859 ± 0.414 to 0.479 ± 0.549,

which corresponded to an average increase of 0.380 in

patients who received vitrectomy at first treatment

Fig. 2 Average best-corrected visual acuity. Significantly improved

compared with baseline by Wilcoxon signed ranked test (asterisk)

Fig. 3 Correlation between best-corrected visual acuity before treat-

ment and 24 months after treatment (y = 0.6583x ? 0.1231,

R = 0.5754)

Fig. 4 Average best-corrected visual acuity classified into good,

moderate, and poor groups according to visual acuity before

treatment. Significantly improved compared with baseline by Wil-

coxon signed ranked test (asterisk)
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(p\ 0.001), while BCVA at 24 months increased

0.369 ± 0.346 to 0.346 ± 0.400 in the patients who re-

ceived laser photocoagulation and/or pharmacological

treatments. Averaged BCVA in patients who had pha-

coemulsification at 24 months was 0.537 ± 0.491

(n = 61); on the other hand, in those who did not have it,

the value was 0.324 ± 0.405 (n = 51). Twenty-three eyes

did not have the data at 24 months (Table 3).

An increase of at least 0.3 logMAR after 2 years of

treatment was observed in 41 eyes (41.3 %). Conversely, a

decrease of approximately 0.3 logMAR was observed in 18

eyes (12.6 %). The causes of the visual loss included nine

cases of macular atrophy, four cases of foveal hard exu-

dates, two cases of neovascular glaucoma, and two cases of

central retinal vein occlusion.

In the eyes with CME ? SRD morphology, BCVA was

significantly worse compared with the other groups

(p\ 0.001). In the CME ? SRD group, BCVA was sig-

nificantly improved at 1 and 3 months (p = 0.039, 0.011)

and not significantly improved 24 months after treatment

(Fig. 5). BCVA of the sponge-like retinal swelling group at

24 months after treatment was the best (0.347), corre-

sponding to a good BCVA prognosis (Table 4).

Discussion

A previous clinical trial involving consecutive injections of

anti-VEGF antibodies over a period of 2 years demon-

strated promising results in DME patients [10]. However,

in this study, overall BCVA after 2 years of treatment was

not significantly improved after treatment with anti-VEGF

antibodies. A possible explanation for this result is that

anti-VEGF therapy was not administered according to the

standard regimen, but also that the subjects included severe

cases that would otherwise not be included in clinical trials.

In addition, patients with good BCVA had only marginal

room for improvement compared to patients with moderate

or poor BCVA.

Approximately 60 % of patients with good BCVA in

this study received laser treatment alone or in conjunction

with an additional treatment modality. It became clear that

patients who started the treatment for DME while BCVA

measurements were still good had a favorable long-term

Table 3 Frequency of treatments for diabetic macula edema according to visual acuity

Visual acuity

before treatment

Number

(%)

Treatment/total no. of

initial treatment (times)

Total no. of treatments/no. of

sessions (average no.)

Visual acuity (baseline/24 months

after treatment) [logMAR]

No. of good

prognosis

Good 35

(25.9)

PC/26 Once/10 0.0513/0.0773 28

IVB/3 More than

STTA/5 twice/25

IVTA/0 (average, 1.94)

VIT/1

Moderate 69

(51.1)

PC/25 Once/19 0.449/0.441 31

IVB/13 More than

STTA/19 twice/50

IVTA/4 (average, 2.60)

VIT/8

Poor 31

(23.0)

PC/7 Once/12 1.069/0.879 18

IVB/7 More than

STTA/2 twice/19

IVTA/3 (average, 2.35)

VIT/12

IVTA intravitreal triamcinolone acetonide, IV-VEGF intravitreal anti-VEGF, PC photocoagulation, STTA sub-Tenon triamcinolone acetonide,

VIT vitrectomy with inner limiting membrane peeling

Fig. 5 Average best-corrected visual acuity as classified by the

morphology of macular edema. Sponge-like retinal swelling (SLRS),

cystoid macular edema (CME), serous retinal detachment (SRD), a

combination of CME and SRD (CME ? SRD), and posterior

hyaloidal traction (PHT)
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prognosis, which indicates the importance of early treat-

ment. Ohkoshi et al. [16] reported that BCVA was main-

tained for 1 year by performing subthreshold micropulse

diode laser treatment for DME, while Othman et al. [17]

reported the usefulness of subthreshold micropulse diode

laser treatment for CSME. In the current study, a shift from

high- to low-intensity laser therapy made it possible for us

to start treatment at an earlier time point.

However, in the moderate BCVA group, BCVA was not

significantly improved. The RESTORE study reported that

patients with an initial BCVA of approximately Swollen

equivalent 20/30–20/160 who received ranibizumab

monotherapy could read 6.1 letters (approximately 0.12

logMAR) 1 year after treatment [8]. Similarly, the RISE

and RIDE studies, which included patients with an initial

BCVA of 20/40 to 20/320, reported that the gain of letters

from baseline to 2 years after treatment was approximately

0.2 logMAR [10]. Therefore, considering the reported re-

sults of large clinical trials, we believe that anti-VEGF

therapy could be useful in some cases.

In our study, BCVA significantly improved in the group

of patients with poor BCVA. Further, BCVA in patients

who were initially treated with vitrectomy improved sig-

nificantly by 0.380 logMAR. We postulate that the BCVA

in patients who received laser photocoagulation and/or

pharmacological treatments did not significantly improve

because this group mostly included patients who had good

VA at the initial stage. Kumagai et al. [5] reported that

patients with an average initial BCVA of 0.19 logMAR

who received vitrectomy improved approximately 0.20

logMAR within 1 year following surgery, which indicates

that vitretomy was an effective treatment for severe DME.

The number of anti-VEGF injections per patient was ap-

proximately 7–12 in the overseas clinical study [8–10]. In

the current study, the average number of total treatments

per patient was 1.94 in the good BCVA group, 2.60 in the

moderate BCVA group, and 2.35 in the poor BCVA group.

As for patients who underwent vitrectomy as initial treat-

ment, the average number of total treatments was 1.28

times. Also because of potential increases in the patients’

medical expenses, reducing the total number of required

treatments is recommended.

Approximately 12.6 % of the patients exhibited a[0.3

logMAR decrease in BCVA. The pathogenesis for a poor

BCVA prognosis is macular atrophy for longstanding

macular edema, hard exudates to the central fovea, neo-

vascular glaucoma, and central retinal vascular occlusion.

Patients with neovascular glaucoma or central retinal vein

obstruction had markedly deteriorated BCVA. Further,

patients in the SRD ? CME group had significantly poor

BCVA before treatment and did not improve at 24 months,

even though they had a significant improvement until

3 months. These were the most severe cases of DME;

therefore, the prognosis for the SRD ? CME group was

poor even if there was a temporary improvement.

This study had several limitations. First, the different

treatments were not randomly assigned to the patients. The

ideal study would have only included patients undergoing

the same therapy, but the examination of a variety of

therapies might mimic the clinical setting more closely and

could make our results more universally applicable. Se-

cond, anti-VEGF injections were not administered using a

standard treatment regimen, but as needed, which does not

entirely reflect treatments before the anti-VEGF era.

However, the prophylactic use of anti-VEGF is important

for achieving the desired effect. Third, we performed vit-

rectomy with phacoemulsification and intraocular implan-

tation simultaneously because the rate of cataract

progression following vitreous surgery is typically high. In

addition, the improvement of cataracts might affect BCVA

after treatment. However, we excluded patients who had

severe cataracts (Emery-Little grade[3). Finally, the most

important limitation of this study was the retrospective case

series design. Consequently, the same OCT devices were

not used; therefore, we could not evaluate the status of

macular edema and assess prognosis. Given the opportu-

nity in the future, we would like to repeat the study using a

prospective design. In the current study, DME patients with

good BCVA at the initiation of therapy generally had a

good prognosis. DME patients with poor BCVA who un-

derwent vitrectomy likewise exhibited good results. Con-

sequently, the results indicate that treatment options other

than anti-VEGF therapy for patients with DME do exist.
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