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INTRODUCTION

Diabetic macular edema (DME) is one of the leading causes of 
visual impairment in adults [1]. Various cytokines are involved in 
the pathogenesis of DME [2-4]. Among these cytokines, vascular 
endothelial growth factor (VEGF) plays a key role [5-7]. 

Various treatment modalities such as laser, intravitreal or peri-
ocular injection of agents that inhibit these cytokines, and vitrec-
tomy have been used to control macular edema and to restore vi-
sual acuity. 

Laser treatment has long been a standard treatment for DME 
since the 1980s [8]. Although grid or focal laser treatment could re-
duce risk of visual acuity loss, visual acuity improvement could 
not be expected in most of the cases. Introduction of therapeutic 
molecules that can be injected into the vitreous cavity opened a 
new era for the management of DME [9-11], because this new treat-
ment approach could result in visual acuity improvement. With 
advances in vitrectomy machineries, surgical intervention is still 
being considered for refractory DME or even as a primary approach. 

These treatment modalities can be used as monotherapy, but 

more often are used in combination approaches. Since each treat-
ment modality has their unique mode of action, synergistic effect 
is expected by combining them. 

This review aims to summarize major clinical trial results of 
each treatment modality and discuss possible combination treat-
ment strategies.

LASER TREATMENT

Focal or grid laser photocoagulation has long been used to treat 
diabetic macular edema. Efficacy of focal laser photocoagulation 
has been proven by a land mark study called the Early Treatment 
of Diabetic Retinopathy Study (ETDRS) [8]. They showed that fo-
cal laser photocoagulation for clinically significant diabetic macu-
lar edema reduced the risk of visual loss. Modified laser treatment 
protocol, such as modified the ETDRS laser technique or mild 
macular grid laser were then suggested [12-14]. In the modified 
ETDRS technique, both direct and grid laser treatments are ap-
plied. Direct laser treatments are placed to all leaking microaneu-
rysms in areas of retinal thickening between 500 and 3,000 microns 
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from the foveal center. No laser is applied within 500 microns from 
the disc. A spot size of 50 microns with duration of 0.05 to 0.1 sec-
onds laser burns is used. A gray to white burn should be evident 
after the laser application. Grid treatment is applied to all areas of 
diffuse leakage or nonperfusion within the area of 500 to 3,000 
microns from the fovea. A laser spot size of 50 microns and burn 
duration of 0.05 to 0.1 seconds are used. Barely visible light burns 
are made. Mild Macular grid photocoagulation is another modifi-
cation, in which, only a grid pattern laser is applied to the macula 
within 500 to 3,500 micron from the foveal center. While laser pa-
rameters are similar to the modified ETDRS technique, the grid 
laser is applied to the unthickened retina as well, and no direct 
treatment to the microaneurysms are applied. Comparative study 
of these two techniques showed that the mild macular grid tech-
nique was less effective at reducing macular edema than the modi-
fied ETDRS technique [13]. Even in an era of Anti-VEGF, focal la-
ser treatment for focal macular edema is still effective and a less 
expensive treatment modality in some patients. Focal laser treat-
ment for microaneurysms detected by indocyanine green angiog-
raphy (ICGA) has recently been suggested as an alternative tech-
nique [15].

STEROID INTRA/PERIOCULAR INJECTION

Steroid treatment is useful for the treatment of diabetic macular 
edema, because it blocks various cytokines, as well as VEGF, that 
are involved in the pathogenesis [16]. Intravitreal injection of tri-
amcinolone has shown its efficacy in improving vision in patients 
with refractory DME [9]. Increased intraocular pressure and cata-
ract development were frequently seen as side effects. Dexametha-
sone intravitreal implant is being used for various type of macular 
edema including diabetic macular edema [17]. Dexamethasone 
implant 0.7 mg and 0.35 mg has proven to be effective in improv-
ing and maintaining visual acuity for 3 years. About 4 injections 
were required over 3 years [10]. 

ANTI-VASCULAR ENDOTHELIAL GROWTH FACTOR 
(Anti-VEGF)

As anti-VEGF intravitreal injection opened a new era in treat-
ing macular degeneration [11,18], it has become the mainstay treat-
ment of diabetic macular edema these days. Since VEGF has been 
known to play a significant role in the development of diabetic 

macular edema [5,6], inhibition of this cytokine may help resolve 
edema and restore visual acuity. Currently available anti-VEGF 
agents that are used for intravitreal injection include ranibizumab, 
aflibercept, and off label use of bevacizumab. Ranibizumab is the 
first of these agents that was approved for diabetic macular edema. 
In a pivotal phase III study [19], 44.8% of the ranibizumab treated 
patients showed visual acuity gain of 15 letters or more, compared 
to 18.1% in sham treated patients (P<0.0001) at 24 months. Other 
studies also showed its efficacy in treating diabetic macular edema 
[20,21]. 

Aflibercept is another anti-VEGF agent that has been approved 
for diabetic macular edema. In its pivotal study, both intravitreal 
injection of 2 mg aflibercept every 4 weeks (2q4 group), and 2 mg 
aflibercept every 8 weeks after 5 monthly doses (2q8 group) showed 
superiority over laser controls [22]. 

Intravitreal bevacizumab injection has been used as an off label 
treatment approach for diabetic macular edema [23,24]. Recent 
comparative study of these three agents has shown that all of these 
three agents were effective in improving vision in eyes with center-
involved diabetic macular edema [25]. At worse levels of baseline 
visual acuity, aflibercept was more effective at improving vision.

VITRECTOMY

Surgical approaches through pars plana vitrectomy has long 
been used to treat diabetic macular edema. They were especially 
known to be effective for DME with tight posterior hyaloid attach-
ment or those associated with epiretinal membrane traction. Al-
though their effectiveness in reducing macular edema and restor-
ing vision has been suggested in multiple publications [26-28], well 
executed prospective, multicenter clinical trials have not been con-
ducted. Given recent advances in small gauge, less invasive vitrec-
tomy technique, surgical intervention at earlier stages rather than 
as a last resort has also been suggested. 

COMBINATION THERAPY

Since multiple factors play a role in the development of diabetic 
macular edema, instead of using only one of the treatment modal-
ities, a combination treatment approach is suggested. 

1. Anti-VEGF + focal/grid laser

Based on RISE/RIDE [19] RE,AD-2 [21], RESTORE [20], DRCR 
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network study results [29], anti-VEGF monotherapy has proven to 
be more effective than laser monotherapy, regardless of combin-
ing laser treatment. However, single injection cannot maintain vi-
sual acuity gain, repetitive injections are needed. Combining fo-
cal/grid laser treatment may reduce need of anti-VEGF injection 
[21]. 

2. Intravitreal/periocular steroid + focal/grid laser

Although intravitreal steroid injection treatment has shown 
promising outcomes in restoring vision from diabetic macular 
edema, repetitive injection can cause cataract and glaucoma [30]. 
From this reason, long term outcome of combining triamcinolone 
intravitreal injection to the laser treatment is not satisfactory [31]. 
In pseudophakic patients, however, combination of steroid intra-
vitreal injection to laser treatment shows equivalent long term treat-
ment outcomes to the anti-VEGF and laser combination [29]. There-
fore, combination treatment using steroid intravitreal injection 
could be a good option for the patients who have already had, or 
have plans to have a cataract operation. Although adding macular 
grid laser to steroid intravitreal injection does not bring additional 
visual acuity gain, it may help to maintain the effect of steroid for 
longer periods of time and reduce recurrence [32]. 

3. Anti-VEGF + intravitreal/periocular steroid

Although the action mechanism of anti-VEGF and steroid is 
different, additive effect from combining these two agents is not 
significant [33]. 

4. Vitrectomy + intravitreal/periocular steroid + laser photocoagulation

Vitrectomy is one of the options for refractory macular edema. 
Combination of vitrectomy, steroid intravitreal injection and mac-
ular laser photocoagulation has shown long term efficacy for re-
fractory diabetic macular edema [34]. 

CONCLUSION

For treatment of diabetic macular edema, various treatment 
modalities can be used. Each treatment method has a different 
mode of action. Given that multiple factors play roles in the devel-
opment of diabetic macular edema, monotherapy often has limit-
ed treatment outcome in some of the patients. For these patients, 
rather than using one of these treatment modalities, a tailored ap-
proach by combining them would be reasonable. 

 REFERENCES
 

1. Kempen JH, O’Colmain BJ, Leske MC, Haffner SM, Klein R, Moss SE, et 
al. The prevalence of diabetic retinopathy among adults in the United 
States. Arch Ophthalmol 2004;122:552-63.

2. Funatsu H, Noma H, Mimura T, Eguchi S, Hori S. Association of vitreous 
inflammatory factors with diabetic macular edema. Ophthalmology 2009; 
116:73-9.

3. Miyamoto K, Khosrof S, Bursell SE, Rohan R, Murata T, Clermont AC, et 
al. Prevention of leukostasis and vascular leakage in streptozotocin-in-
duced diabetic retinopathy via intercellular adhesion molecule-1 inhibi-
tion. Proc Natl Acad Sci U S A 1999;96:10836-41.

4. Antcliff RJ, Marshall J. The pathogenesis of edema in diabetic maculopa-
thy. Semin Ophthalmol 1999;14:223-32.

5. Qaum T, Xu Q, Joussen AM, Clemens MW, Qin W, Miyamoto K, et al. 
VEGF-initiated blood-retinal barrier breakdown in early diabetes. Invest 
Ophthalmol Vis Sci 2001;42:2408-13.

6. Tolentino MJ, Miller JW, Gragoudas ES, Jakobiec FA, Flynn E, Chatziste-
fanou K, et al. Intravitreous injections of vascular endothelial growth fac-
tor produce retinal ischemia and microangiopathy in an adult primate. 
Ophthalmology 1996;103:1820-8.

7. Funatsu H, Yamashita H, Noma H, Mimura T, Yamashita T, Hori S. In-
creased levels of vascular endothelial growth factor and interleukin-6 in 
the aqueous humor of diabetics with macular edema. Am J Ophthalmol 
2002;133:70-7.

8. Photocoagulation for diabetic macular edema. Early Treatment Diabetic 
Retinopathy Study report number 1. Early Treatment Diabetic Retinopa-
thy Study research group. Arch Ophthalmol 1985;103:1796-806.

9. Gillies MC, Sutter FK, Simpson JM, Larsson J, Ali H, Zhu M. Intravitreal 
triamcinolone for refractory diabetic macular edema: two-year results of 
a double-masked, placebo-controlled, randomized clinical trial. Ophthal-
mology 2006;113:1533-8.

10. Boyer DS, Yoon YH, Belfort R, Jr., Bandello F, Maturi RK, Augustin AJ, et 
al. Three-year, randomized, sham-controlled trial of dexamethasone in-
travitreal implant in patients with diabetic macular edema. Ophthalmol-
ogy 2014;121:1904-14.

11. Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK, Chung CY, et 
al. Ranibizumab for neovascular age-related macular degeneration. N 
Engl J Med 2006;355:1419-31.

12. Roider J. Laser treatment of retinal diseases by subthreshold laser effects. 
Semin Ophthalmol 1999;14:19-26.

13. Fong DS, Strauber SF, Aiello LP, Beck RW, Callanan DG, Danis RP, et al. 
Comparison of the modified Early Treatment Diabetic Retinopathy Study 
and mild macular grid laser photocoagulation strategies for diabetic mac-
ular edema. Arch Ophthalmol 2007;125:469-80.

14. Mainster MA, White TJ, Tips JH, Wilson PW. Retinal-temperature in-
creases produced by intense light sources. J Opt Soc Am 1970;60:264-70.

15. Ogura S, Yasukawa T, Kato A, Kuwayama S, Hamada S, Hirano Y, et al. 
Indocyanine Green Angiography-Guided Focal Laser Photocoagulation 
for Diabetic Macular Edema. Ophthalmologica 2015;234:139-50.

16. Wang K, Wang Y, Gao L, Li X, Li M, Guo J. Dexamethasone inhibits leu-
kocyte accumulation and vascular permeability in retina of streptozoto-
cin-induced diabetic rats via reducing vascular endothelial growth factor 
and intercellular adhesion molecule-1 expression. Biol Pharm Bull 2008; 
31:1541-6.

17. Moon BG, Lee JY, Yu HG, Song JH, Park YH, Kim HW, et al. Efficacy and 
Safety of a Dexamethasone Implant in Patients with Diabetic Macular 
Edema at Tertiary Centers in Korea. J Ophthalmol 2016;2016:9810270.



http://www.e-hmr.org      PB

Joo Eun Lee  •  Treatment of Diabetic Macular Edema HMR

<DOI>154      http://www.e-hmr.org

Joo Eun Lee  •  Treatment of Diabetic Macular EdemaHMR

Hanyang Med Rev 2016;36:151-154

18. Brown DM, Kaiser PK, Michels M, Soubrane G, Heier JS, Kim RY, et al. 
Ranibizumab versus verteporfin for neovascular age-related macular de-
generation. N Engl J Med 2006;355:1432-44.

19. Nguyen QD, Brown DM, Marcus DM, Boyer DS, Patel S, Feiner L, et al. 
Ranibizumab for diabetic macular edema: results from 2 phase III ran-
domized trials: RISE and RIDE. Ophthalmology 2012;119:789-801.

20. Mitchell P, Bandello F, Schmidt-Erfurth U, Lang GE, Massin P, Schlinge-
mann RO, et al. The RESTORE study: ranibizumab monotherapy or com-
bined with laser versus laser monotherapy for diabetic macular edema. 
Ophthalmology 2011;118:615-25.

21. Nguyen QD, Shah SM, Khwaja AA, Channa R, Hatef E, Do DV, et al. Two-
year outcomes of the ranibizumab for edema of the mAcula in diabetes 
(READ-2) study. Ophthalmology 2010;117:2146-51.

22. Brown DM, Schmidt-Erfurth U, Do DV, Holz FG, Boyer DS, Midena E, 
et al. Intravitreal Aflibercept for Diabetic Macular Edema: 100-Week Re-
sults From the VISTA and VIVID Studies. Ophthalmology 2015;122: 
2044-52.

23. Michaelides M, Kaines A, Hamilton RD, Fraser-Bell S, Rajendram R, Qu
hill F, et al. A prospective randomized trial of intravitreal bevacizumab or 
laser therapy in the management of diabetic macular edema (BOLT study) 
12-month data: report 2. Ophthalmology 2010;117:1078-86 e2.

24. Arevalo JF, Sanchez JG, Fromow-Guerra J, Wu L, Berrocal MH, Farah 
ME, et al. Comparison of two doses of primary intravitreal bevacizumab 
(Avastin) for diffuse diabetic macular edema: results from the Pan-Amer-
ican Collaborative Retina Study Group (PACORES) at 12-month follow-
up. Graefes Arch Clin Exp Ophthalmol 2009;247:735-43.

25. Wells JA, Glassman AR, Ayala AR, Jampol LM, Aiello LP, Antoszyk AN, 
et al. Aflibercept, bevacizumab, or ranibizumab for diabetic macular ede-
ma. N Engl J Med 2015;372:1193-203.

26. Browning DJ, Lee C, Stewart MW, Landers MB 3rd. Vitrectomy for cen-

ter-involved diabetic macular edema. Clin Ophthalmol 2016;10:735-42.
27. Recchia FM, Ruby AJ, Carvalho Recchia CA. Pars plana vitrectomy with 

removal of the internal limiting membrane in the treatment of persistent 
diabetic macular edema. Am J Ophthalmol 2005;139:447-54.

28. Yamamoto T, Akabane N, Takeuchi S. Vitrectomy for diabetic macular 
edema: the role of posterior vitreous detachment and epimacular mem-
brane. Am J Ophthalmol 2001;132:369-77.

29. Elman MJ, Bressler NM, Qin H, Beck RW, Ferris FL 3rd, Friedman SM, 
et al. Expanded 2-year follow-up of ranibizumab plus prompt or deferred 
laser or triamcinolone plus prompt laser for diabetic macular edema. Oph-
thalmology 2011;118:609-14.

30. Diabetic Retinopathy Clinical Research Network. A randomized trial com-
paring intravitreal triamcinolone acetonide and focal/grid photocoagula-
tion for diabetic macular edema. Ophthalmology 2008;115:1447-9, 9 e1-
10.

31. Gillies MC, McAllister IL, Zhu M, Wong W, Louis D, Arnold JJ, et al. In-
travitreal triamcinolone prior to laser treatment of diabetic macular ede-
ma: 24-month results of a randomized controlled trial. Ophthalmology 
2011;118:866-72.

32. Kang SW, Sa HS, Cho HY, Kim JI. Macular grid photocoagulation after 
intravitreal triamcinolone acetonide for diffuse diabetic macular edema. 
Arch Ophthalmol 2006;124:653-8.

33. Lim JW, Lee HK, Shin MC. Comparison of intravitreal bevacizumab alone 
or combined with triamcinolone versus triamcinolone in diabetic macu-
lar edema: a randomized clinical trial. Ophthalmologica 2012;227:100-6.

34. Kim YT, Kang SW, Kim SJ, Kim SM, Chung SE. Combination of vitrecto-
my, IVTA, and laser photocoagulation for diabetic macular edema unre-
sponsive to prior treatments; 3-year results. Graefes Arch Clin Exp Oph-
thalmol 2012;250:679-84.


