
Conventional retinal laser photocoagulation for diabetic retinopathy, 
retinal vascular diseases, and retinal tears is typically performed 
with a continuous wave laser in the green, yellow, or red range, 
primarily at 514 or 532 nanometers (nm), pulse duration of 100 to 
200 milliseconds (ms), spot size from 100 to 500 micrometers (um), 
and laser power to achieve the clinical endpoint, typically around 100 
to 750 milliwatts (mW). Laser therapy is typically empirically titrated 
to a visible clinical effect of greyish whitening of the retina, which 
corresponds to photoreceptors necrosis and inner retinal damage. 
    Although it has proven to be effective clinically[3-5], adjacent retina 
is damaged with the laser application, resulting in retinal atrophy and 
thinning in the regions of laser application, scotomas[6,7], post-laser 
lesion enlargement[8,9], subretinal and choroidal neovascularization[10], 
subretinal fibrosis[11], and progressive visual field loss[12,13]. These 
adverse effects of laser can significantly impact a patient’s quality of 
life. These concerns on the destructiveness of laser therapy have led 
to numerous investigations to provide the same therapeutic effect of 
lasers with minimizing the side-effect profile, including modulations 
in pulse duration in the millisecond and microsecond domain, lesion 
intensity, multiple pulses to allow thermal relaxation, and axial lesion 
localization, which are discussed below along with clinical results.

INCREASING SELECTIVITY OF MILLISECOND 
PULSE DURATION LASER
Investigations have been performed using shorter millisecond pulse 
duration laser ranging from 1 to 100 milliseconds compared to 
conventional laser[14]. Shorter millisecond pulse durations resulted 
in decreased lesion size for an equivalent clinical appearance of the 
lesion and improved lesion localization but reduced safety window 
to rupture Bruch's membrane. A pulse duration of 20 ms was found 
to adequately balance safety with speed. Further modifications have 
been proposed, including spatial and temporal modulation of laser 
beams[15], pattern scanning retinal photocoagulation[16], and reduced 
lesion intensity (Figure 1)[17,18]. 
    Modifications have also been described using OCT to guide more 
selective focal laser treatment. OCT guided focal laser resulted in 
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ABSTRACT
Retinal laser therapy remains the treatment of choice for proliferative 
diabetic retinopathy, retinal vascular diseases, and retinal tears. 
Advances in laser technology have created new treatments that 
minimize collateral tissue damage while retaining the therapeutic 
effects of laser therapy. Recent innovations in retinal laser therapy 
are reviewed, including selective millisecond pulse duration laser, 
reduced intensity laser therapy, micropulse laser, and selective retinal 
therapy. These innovations have demonstrated promise in small 
clinical trials.
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INTRODUCTION
Retinal laser photocoagulation was first described over 50 years 
ago and remains the standard of care for many retinal diseases[1,2].  
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2.5 letters of improved vision (p=0.04) and a 45.56 micron reduction 
in central subfield thickness (p<0.001) compared to conventional 
modified Early Treatment Diabetic Retinopathy Study (mETDRS) 
focal laser at 1 year[19]. Further modifications have been described 
using laser dosimetry to empirically titrate to barely visible burns. 
The power is reduced from this level and has been shown to result 
in invisible burns funduscopically but visible on FA and OCT at 50-
75% of barely visible level and invisible burns at 30-50% of barely 
visible level using a software termed Endpoint Management[20].
A small clinical study of 16 patients with chronic central serous 
chorioretinopathy of over 4 months duration using 30% of barely 
visible pulse energy found a gain of 12 letters of vision by 2 months 
(p<0.001) with a decrease in central macular thickness from 350 to 
282 (p=0.004)[21]. Subvisible laser burns have been shown to result 
in upregulation of inflammatory markers after laser application[22] 
and improved response to oxidative stress[23]. The reduced intensity 
and pulse duration laser has been shown in rabbits to result in 
retinal lesions in which the photoreceptors fill-in the laser spot 
within four months (Figure 2)[24]. This has been shown to result in 
both restoration of retina structure and function in these laser spots 
with intact retinal ganglion cells in the laser region through retinal 
remodeling[25]. This restoration of morphology has also been shown 
in humans with OCT following less intense laser burns[26,27].  

MICROPULSE LASER
In contrast to the long exposures and large spots used in TTT, shorter 
bursts of NIR radiation (810 nm) with small spot sizes (100 to 200 
µm) have also been applied for non-damaging retinal phototherapy, 
termed subvisible diode micropulse (SDM) laser therapy. In this 
technique, treatment of retinal vascular disease is performed with 
the express goal of avoiding cellular destruction. Mathematical 
models of SDM have demonstrated that the hyperthermia in this 
approach does not exceed the threshold of cell toxicity and has a high 
degree of selectivity. Low-intensity/high-density SDM allows for 
complete and confluent (high-density) coverage of the entire diseased 
retina, such as the areas of macular thickening constituting diabetic 
macular edema (DME) or ischemic retina with proliferative diabetic 
retinopathy (PDR). Subthreshold micropulse laser delivers a series 

of short pulses to allow thermal dissipation between each pulse[28]. 
Subthreshold laser has been shown in pathologic and histochemical 
analyses to reduce the changes to the surrounding choroidal and 
retinal cells[29]. 
    The micropulse 810 nm diode, low-intensity/high-density 
subvisible photocoagulator has also been shown to be clinically 
effective in the treatment of DME and PDR in small clinical 
series. SDM has been shown to be as effective as modified Early 
Treatment Diabetic Retinopathy Study (mETDRS) focal laser in the 
treatment of clinically significant DME. SDM results in improved 
clinical examination and retinal thickness measurement with 
optical coherence tomography (OCT) without producing visible 
retinal damage[30]. Beneficial effects in the treatment of retinal 
neovascularization from PDR have also been reported[31]. These 
studies, however, are limited by their size and the duration of patient 
follow-up[32]. 

SELECT IVE RET INAL THERAPY WITH 
MICROSECOND PULSE DURATION LASER
One method to provide retinal phototherapy without severe 
permanent damage is selective treatment of the retinal pigment 
epithelium (RPE) by decreasing the laser pulse duration, termed 
selective retinal therapy (SRT). It has been demonstrated that 
microsecond (µs) pulse durations that are absorbed by melanin can 
selectively destroy RPE without damaging the retina[33,34]. Due to 
minimal thermal heat diffusion, microsecond and nanosecond laser 
pulses can produce explosive vaporization of melanosomes, resulting 
in selective damage to the RPE layer while sparing the photoreceptors 
and the inner retina. Subsequent RPE proliferation and migration 
restores RPE continuity. SRT has also been shown to cause a release 
of inflammatory markers, including matrix metalloproteinases 2 
and 9, which may play a role in its treatment efficacy[35]. Multifocal 
ERG and histology following SRT has been shown to result in no 
significant retinal change 30 days after SRT laser application[36]. 

Figure 1 Fundus photograph comparing conventional laser (lower left 
laser spots in the image) with patterned scanning laser (upper right 
laser spots in the image, PASCAL, Topcon, Santa Clara, CA, USA) 
demonstrating more uniformly spaced, smaller, and less intense laser 
spots with PASCAL.

Figure 2 Toluidine blue histopathology of 7ms pulse duration "barely 
visible" laser burns from 1 hour to 4 months following laser application 
demonstrating photoreceptor filling in of the damaged area after initial 
photoreceptor loss in Dutch belted rabbits. A retinal beam diameter of 
330 um and power of 175 mW was used. The yellow bar indicates the 
extent of damage at the RPE-photoreceptor junction. Gliosis contracts 
over time in the laser burns with a continuous photoreceptor layer and 
almost continuous outer retinal morphology by four months. Reproduced 
with permission from Paulus YM, Jain A, Gariano RF, et al. Healing of 
retinal photocoagulation lesions. Invest Ophthalmol Vis Sci 2008;49:5540-
5545. Copyright 2008 by the Association for Research in Vision and 
Ophthalmology (ARVO).
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    The first RPE-selective retinal laser treatment was achieved 
using 5 µs argon laser pulses at 514 nm and a repetition rate of 
500 Hz[37].Currently, several microsecond-pulsed laser systems 
are available[38,39]. Recently, an alternative SRT approach has been 
developed based on a rapidly scanning continuous wave laser, 
such that RPE cells are exposed to a scanning laser light to achieve 
dwell times of a few microseconds[40,41]. This technique has been 
further refined using an automatic, energy ramping, non-contact, 
reflectometric dosimetry technique[42]. 
    Several small clinical studies have demonstrated the efficacy of 
SRT in diabetic retinopathy, diabetic macular edema, central serous 
chorioretinopathy, and subfoveal fluid after a rhegmatogenous retinal 
detachment[43-46]. A randomized prospective study of 30 patients 
with chronic central serous chorioretinopathy of at least 3 months' 
duration with 14 eyes randomized to SRT and 16 eyes as controls 
found a statistically significant improvement in mean visual acuity 
with 12.7 letters gained in the laser group versus 6.3 letters gained 
in the control group (p=0.04). SRT also resulted in less subretinal 
fluid with a decrease of 203 microns in retinal thickness with laser 
versus 41 microns in control patients at 3 months (p=0.005)[47]. A 
prospective uncontrolled study of 39 patients with diabetic macular 
edema found an improvement of 2.4 letters of vision 6 months after 
laser application (p=0.02). 84% of eyes either had stable or improved 
vision and there were no adverse events associated with SRT[48].  

FUTURE HORIZONS
Advances in laser technology have created new treatments that 
minimize collateral tissue damage while retaining the therapeutic 
effects of laser therapy. Thermal damage with conventional laser 
limits its utility in treating the macula due to tissue damage and 
scarring. Recently developed improvements minimize or eliminate 
this side effect. Studies have indicated that laser power approximately 
half that of barely visible burns produces cellular changes while 
minimizing tissue injury[49]. This allows the physician to elicit a 
therapeutic biological response without causing permanent cell death. 
Further studies are needed to elucidate the mechanism of cellular 
response leading to clinical efficacy of laser therapy.
    To prove the clinical utility of these new modalities, larger 
randomized control clinical trials with longer follow-up are required 
to ensure that these meet or exceed the current clinical standard 
of care. More clinical trials are also needed of laser treatment in 
combination with pharmacologic therapy, such as concomitant 
laser and anti-vascular endothelial growth factor (VEGF) or steroid 
therapy. We stand on the cusp of a transformation in our care of 
patients through the use of personalized, targeted therapy and 
novel laser treatments promise to play an important role in retinal 
conditions.

CONFLICT OF INTERESTS 
The author has no conflicts of interest to declare. 

REFERENCES 
1 Kapany NS, Peppers NA, Zweng HC, Flocks M. Retinal Photoco-

agulation by Lasers. Nature 1963;199:146-149.
2. Little HL, Zweng HC, Peabody RR. Argon laser slit-lamp reti-

nal photocoagulation. Trans Am Acad Ophthalmol Otolaryngol 
1970;74:85-97.

3. Panretinal photocoagulation (Early Treatment Diabetic Retinopa-
thy Study Research Group. Techniques for scatter and local pho-

tocoagulation treatment of diabetic retinopathy. Early Treatment 
Diabetic Retinopathy Study Report No 3. Int Ophthalmol Clin 
1987; 27(4):254-264.

4. Early Treatment Diabetic Retinopathy Study Research Group. 
Photocoagulation for diabetic retinopathy. Early Treatment Dia-
betic Retinopathy Study Report number 9. Arch Ophthalmol 1991; 
98(5 suppl):766-785.

5. Evans JR, Michelessi M, Virgili G. Laser photocoagulation for 
proliferative diabetic retinopathy. Cochrane Database Syst Rev 
2014;11:CD011234. 

6. Striph GG, Hart Jr. WM, Olk RJ. Modified grid laser photocoagu-
lation for diabetic macular edema: the effect on the central visual 
field. Ophthalmology 1988; 95 (12): 1673–79.

7. Focal photocoagulation treatment of diabetic macular edema. Re-
lationship of treatment effect to fluorescein angiographic and other 
retinal characteristics at baseline: ETDRS report no. 19. Early 
Treatment Diabetic Retinopathy Study Research Group. Arch 
Ophthalmol 1995;113:1144-1155.

8. Schatz H, Madeira D, McDonald HR, Johnson RN. Progressive 
enlargement of laser scars following grid laser photocoagulation 
for diffuse diabetic macular edema. Archives of Ophthalmology 
1991; 109 (11): 1549–51.

9. Morgan CM, Schatz H. Atrophic creep of the retinal pigment 
epithelium after focal macular photocoagulation. Ophthalmology 
1989;96:96-103.

10. Lewis H, Schachat AP, Haimann MH, et al. Choroidal neovascu-
larization after laser photocoagulation for diabetic macular edema. 
Ophthalmology 1990; 97:503-510.

11. Guyer DR, D’Amico RJ, Smith CW. Subretinal fibrosis after laser 
photocoagulation for diabetic macular edema. American Journal 
of Ophthalmology 1992; 113(6):652–6.

12. Hudson C, Flanagan JG, Turner GS, et al. Influence of laser pho-
tocoagulation for clinically significant diabetic macular oedema 
(DMO) on short-wavelength and conventional automated perim-
etry. Diabetologia 1998;41:1283-1292.

13. Ishiko S, Ogasawara H, Yoshida A, Hanada K. The use of scan-
ning laser ophthalmoscope microperimetry to detect visual im-
pairment caused by macular photocoagulation. Ophthalmic Surg 
Lasers 1998;29:95-98.

14. Jain A, Blumenkranz MS, Paulus YM, Wiltberger MW, Andersen 
DE, Huie P, Palanker D. Effect of Pulse Duration on Size and 
Character of the Lesion in Retinal Photocoagulation. Archives of 
Ophthalmology 2008; 126 (1): 78-85.

15. Sramek C, Paulus YM, Nomoto H, Huie P, Brown J, Palanker D. 
Dynamics of retinal photocoagulation and rupture. Journal of Bio-
medical Optics 2009; 14(3): 034007.

16. Blumenkranz MS, Yellachich D, Andersen DE, Wiltberger 
MW, Mordaunt D, Marcellino GR, Palanker D. Semiautomated 
patterned scanning laser for retinal photocoagulation. Retina 
2006;26(3):370-6.

17. Bandello F, Polito A, Del Borrello M, et al. “Light” versus “classic” 
laser treatment for clinically significant diabetic macular oedema. 
Br J Ophthalmol 2005;89:864-870.

18. Bandello F, Brancato R, Menchini U, et al. Light panretinal pho-
tocoagulation (LPRP) versus classic panretinal photocoagulation 
(CPRP) in proliferative diabetic retinopathy. Semin Ophthalmol 
2001;16:12-18.

19. Shin JY, Byeon SH, Kwon OW. Optical coherence tomography-
guided selective focal laser photocoagulation: a novel laser proto-
col for diabetic macular edema. Graefes Arch Clin Exp Ophthal-
mol 2014 Jul 15. [Epub ahead of print]

20. Lavinsky D, Sramek C, Wang J, Huie P, Dalal R, Mandel Y, 
Palanker D. Subvisible retinal laser therapy: titration algorithm 
and tissue response. Retina 2014;34(1):87-97. 

21. Lavinsky D, Palanker D. Nondamaging photothermal therapy for 
the retina: Initial clinical experience with chronic central serous 
retinopathy. Retina 2015;35(2):213-22. 



4© 2015 ACT. All rights reserved.

Paulus YM. Retinal lasers

22. Sramek C, Mackanos M, Spitler R, et al. Non-damaging retinal 
phototherapy: dynamic range of heat shock protein expression. 
Invest Ophthalmol Vis Sci 2011; 52(3):1780-7.

23. Iwami H, Pruessner J, Shiraki K, Brinkmann R, Miura Y. Protec-
tive effect of a laser-induced sub-lethal temperature rise on RPE 
cells from oxidative stress. Exp Eye Res 2014;124:37-47. 

24. Paulus YM, Jain A, Gariano RF, et al. Healing of retinal photoco-
agulation lesions. Invest Ophthalmol Vis Sci 2008;49:5540-5545.

25. Sher A, Jones BW, Huie P, Paulus YM, Lavinsky D, Leung LS, 
Nomoto H, Beier C, Marc RE, Palanker D. Restoration of retinal 
structure and function after selective photocoagulation. J Neurosci 
2013;33(16):6800-8. 

26. Lavinsky D, Cardillo JA, Mandel Y, Huie P, Melo LA, Farah 
ME, Belfort R, Palanker D. Restoration of retinal morphology 
and residual scarring after photocoagulation. Acta Ophthalmol 
2013;91(4):e315-23.

27. Koinzer S, Saeger M, Hesse C, Portz L, Kleemann S, Schlott K, 
Brinkmann R, Roider J. Correlation with OCT and histology of 
photocoagulation lesions in patients and rabbits. Acta Ophthalmol 
2013;91(8):e603-11.

28. Sivaprasad S, Elagouz M, McHugh D, Shona O, Dorin G. Micro-
pulsed diode laser therapy: evolution and clinical applications.  
Survey of Ophthalmology 2010; 55(6): 516–30.

29. Fedoruk NA, Fedorov AA, Bol'shunov AV. [Morphological and 
histochemical effects of subthreshold laser therapy on the chorio-
retinal complex]. Vestn Oftalmol 2013;129(5):73-81.

30. Luttrull JK, Musch DC, Mainster MA. Subthreshold diode micro-
pulse photocoagulation for the treatment of clinically significant 
diabetic macular oedema. Br J Ophthalmol 2005;89:74-80.

31. Luttrull JK, Musch DC, Spink CA. Subthreshold diode micropulse 
panretinal photocoagulation for proliferative diabetic retinopathy. 
Eye (Lond) 2008; 22:607-612

32. Luttrull JK, Spink CJ. Serial optical coherence tomography of 
subthreshold diode laser micropulse photocoagulation for diabetic 
macular edema. Ophthalmic Surg Lasers Imaging 2006;37:370-
377.

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

34. Brinkmann R, Roider J, Birngruber R. Selective retina therapy 
(SRT): a review on methods, techniques, preclinical and first clini-
cal results. Bull Soc Belge Ophtalmol 2006;302:51-69.

35. Treumer F, Klettner A, Baltz J, Hussain AA, Miura Y, Brinkmann 
R, Roider J, Hillenkamp J. Vectorial release of matrix metallopro-
teinases (MMPs) from porcine RPE-choroid explants following 
selective retina therapy (SRT): towards slowing the macular age-
ing process. Exp Eye Res 2012;97(1):63-72. 

36. Kim HD, Han JW, Ohn YH, Brinkmann R, Park TK. Functional 
evaluation using multifocal electroretinogram after selective retina 
therapy with a microsecond-pulsed laser. Invest Ophthalmol Vis 

Sci 2014;56(1):122-31. 
37. Roider J, Michaud NA, Flotte TJ, Birngruber R. Response of the 

retinal pigment epithelium to selective photocoagulation. Arch 
Ophthalmol 1992;110:1786-1792.

38. Framme C, Schuele G, Roider J, et al. Threshold determinations 
for selective retinal pigment epithelium damage with repetitive 
pulsed microsecond laser systems in rabbits. Ophthalmic Surg La-
sers 2002;33:400-409.

39. Roider J, Brinkmann R, Wirbelauer C, et al. Retinal sparing by 
selective retinal pigment epithelial photocoagulation. Arch Oph-
thalmol 1999;117:1028-1034.

40. Framme C, Alt C, Schnell S, et al. Selective targeting of the reti-
nal pigment epithelium in rabbit eyes with a scanning laser beam. 
Invest Ophthalmol Vis Sci 2007;48:1782-1792.

41. Paulus YM, Jain A, Nomoto H, et al. Selective retinal therapy with 
microsecond exposures using a continuous line scanning laser. 
Retina 2011;31(2):380-8.

42. Park YG, Seifert E, Roh YJ, Theisen-Kunde D, Kang S, Brink-
mann R. Tissue response of selective retina therapy by means of a 
feedback-controlled energy ramping mode. Clin Experiment Oph-
thalmol 2014;42(9):846-55. 

43. Roider J, Brinkmann R, Wirbelauer C, et al. Subthreshold (retinal 
pigment epithelium) photocoagulation in macular diseases: a pilot 
study. Br J Ophthalmol 2000;84:40-47.

44. Elsner H, Porksen E, Klatt C, et al. Selective retina therapy in pa-
tients with central serous chrioretinopathy. Graefes Arch Clin Exp 
Ophthal 2006;244:1638-1645.

45. Brinkmann R, Roider J, Birngruber R. Selective retina therapy 
(SRT): a review on methods, techniques, preclinical and first clini-
cal results. Bull Soc Belge Ophtalmol 2006;302:51-69.

46. Koinzer S, Elsner H, Klatt C, et al. Selective retina therapy (SRT) 
of chronic subfoveal fluid after surgery of rhegmatogenous retinal 
detachment: three case reports. Graefes Arch Clin Exp Ophthal-
mol 2008;246:1373-1378.

47. Klatt C, Saeger M, Oppermann T, Pörksen E, Treumer F, Hillen-
kamp J, Fritzer E, Brinkmann R, Birngruber R, Roider J. Selec-
tive retina therapy for acute central serous chorioretinopathy. Br J 
Ophthalmol 2011;95(1):83-8.

48. Roider J, Liew SH, Klatt C, Elsner H, Poerksen E, Hillenkamp J, 
Brinkmann R, Birngruber R. Selective retina therapy (SRT) for 
clinically significant diabetic macular edema. Graefes Arch Clin 
Exp Ophthalmol 2010;248(9):1263-72.

49. Ohkoshi K, Yamaguchi T. Subthreshold micropulse diode laser 
photocoagulation for diabetic macular edema in Japanese patients. 
Am J Ophthalmol 2010;149:133-139.

Peer reviewer: Carolina Arruabarrena, MD, Retina Unit, Univer-
sitary Hospital Príncipe de Asturias, Carretera a Meco s/n, Alcalá 
de Henares, 28805, Spain.


