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■  E X P E R I M E N T A L  S C I E N C E  ■

Multi-Modal Longitudinal Evaluation of 
Subthreshold Laser Lesions in Human Retina, 
Including Scanning Laser 
Ophthalmoscope-Adaptive Optics Imaging
Edward H. Wood, MD; Theodore Leng, MD, MS; Ira H. Schachar, MD; Peter A. Karth, MD, MBA

BACKGROUND AND OBJECTIVE: Subthreshold retinal 
laser therapy is efficacious for a variety of retino-
vascular disorders. Currently, it is unknown which 
laser parameters can ensure no detectable damage 
to human retina tissue.

MATERIALS AND METHODS: One informed physician 
participant with a normal retina was treated with 
three levels (75%, 50%, and 25%) of subthresh-
old 577-nm laser (PASCAL; Topcon, Santa Clara, 
CA) at 20-millisecond (ms) duration and 100 µm 
spot size. Several high-resolution retinal imaging 
modalities, including spectral-domain optical co-
herence tomography (SD-OCT) and scanning laser 
ophthalmoscope-adaptive optics (SLO-AO), were 
used to longitudinally image retinal laser lesions 
during a 9-month period.

RESULTS: SLO-AO and SD-OCT imaging of sub-
threshold laser therapy in human retina showed no 
cone cell or RPE damage at all time points during 
a 9-month period using the 25% threshold power 
577-nm laser in the human retina.

CONCLUSION: It is likely that subthreshold laser 
therapy with 577-nm laser at 20-ms duration in the 
human retina is safe at the 25% of threshold power 
level.

[Ophthalmic Surg Lasers Imaging Retina. 2016;47:268-275.]

INTRODUCTION

Retinal laser photocoagulation has been used 
to treat retinal diseases for more than 70 years 
and, until the recent advent of vascular endothe-
lial growth factor (VEGF) inhibitors, was the pri-
mary means of treating diabetic macular edema.1,2 
Despite its effectiveness, traditional laser photo-
coagulation often produced visual scotomas from 
permanent damage to the outer retina.3 It has been 
proposed that the treatment effect from traditional 
laser photocoagulation is from retinal pigment epi-
thelium (RPE) stimulation and that the visual sco-
tomas are a consequence of inadvertent collateral 
thermal damage to the outer retina.4 To limit this 
damage, laser parameters including pulse duration, 
power, and intensity have been modified to lessen 
collateral thermal effects.5

This general class of treatments has been deemed 
“subthreshold” laser therapy, which includes the 
more-specific classifications of subvisible retinal 
laser therapy, nonlethal retinal laser therapy, and 
nondamaging retinal laser therapy (NRT). Two pri-
mary types of subthreshold lasers are clinically 
available: the PASCAL laser system with Endpoint 
Management6 (using Arrhenius formula algorithm 
to reduce total fluence) (Topcon, Santa Clara, CA) 
and the subthreshold diode micropulse (SDM), 
which delivers 100-millisecond (ms) to 300-ms 
bursts of pulses of 100 ms to 300 ms duration, with 
a varying average power set below detectable tissue 
damage. Subthreshold laser therapy has shown effi-
cacy in the treatment of DME, proliferative diabetic 
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retinopathy (DR), macular edema in the setting of 
branch retinal vein occlusion (BRVO), and central 
serous chorioretinopathy (CSCR).1,7-13

Despite its clinical effectiveness, little is known 
about the effects and safety profile of subthreshold 
laser treatment on human retina. Subthreshold reti-
nal laser therapy with 577 nm has been found to be 
variably damaging to retinal and RPE structures in 
the rabbit depending on the percentage of thresh-
old power, with no visible damage seen at 30% of 
threshold power utilizing fundus autofluorescence, 
fluorescein angiography, spectral-domain optical 
coherence tomography (SD-OCT), light micros-
copy, and scanning and transmission electron mi-
croscopy.6 Although damage to rabbit retinal tissue 
occurred with 532-nm laser therapy titrated to oph-
thalmoscopically “barely visible” lesions, photore-

ceptors located outside of the damaged zone have 
been found to migrate to make new functional con-
nections with bipolar cells located inside the le-
sion, thereby restoring retina function despite dam-
age to retinal structure.14 Human patients treated 
with SDM at irradiance less than 350 watts/cm2 had 
no visible retinal injury on computational model-
ing with Arrhenius formula, infrared, red-free, or 
fundus autofluorescence photos.15 However, it re-
mains unknown whether treatment of the human 
retina by subthreshold laser parallels the rabbit 
model in terms of photoreceptor disruption and 
RPE migration, and these traditional in vivo imag-
ing techniques are ill-equipped to identify subtle 
RPE or outer-retinal damage in human patients.

The purpose of our study was to use an ad-
vanced imaging technology, scanning laser oph-

Figure 1. Normal retinal images prior to treatment.
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thalmoscope-adaptive optics (SLO-AO), to assess 
for photoreceptor disruption after subthreshold la-
ser therapy to a human subject. SLO-AO is the only 
device that can image in vivo photoreceptors, and 
has thereby provided numerous insights into pho-
toreceptor health and disease,16 including analysis 
of photoreceptor damage with threshold retinal la-
ser therapy.17 We combined this imaging modality 
with other traditional imaging techniques in a lon-
gitudinal, observational clinical study to determine 
the anatomic effects to human retinal photorecep-
tors of various levels of subthreshold retinal laser 
therapy on human retina in vivo.

MATERIALS AND METHODS

Several high-resolution retinal imaging modali-
ties were used to longitudinally image retinal laser 
lesion during a 9-month period. The human sub-
jects Institutional Review Board of Stanford Uni-

versity approved the use of a SLO-AO prototype 
(Canon, Tokyo). Additionally, fundus color photos, 
red-free photos, infrared imaging, fundus autofluo-
rescence, SD-OCT, and fluorescein angiography 
were performed. We subsequently evaluated cone 
cell loss and recovery over time by both subjective 
and objective analysis, primarily utilizing SLO-AO 
and SD-OCT.

In vivo normal human retina was imaged prior 
to and at several time points after treatment with 
three levels of subthreshold 577-nm laser (PAS-
CAL) at 20-ms durations and 100-µm spot size. The 
treated participant was a physician (one of the au-
thors) and was fully aware of the risks of the proce-
dure, and informed consent was obtained. Thresh-
old power, defined as a minimally or barely visible 
burn was first found by titration on the subjects’ 
retina with an initial power of 120 mW. A grid of 
nine lesions was created with three levels of sub-

Figure 2. Application of laser treatment burns.
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threshold power: 75%, 50%, and 25%. Adjacent to 
each grid, a full threshold marker burn was placed 
for purposes of imaging the treated areas over time. 
Each grid was placed at the region in the subject’s 
retina least likely to produce a functional scotoma, 
with the 25% of threshold burns placed immedi-
ately temporal to the macula, the 75% of threshold 
power applied to retinal tissue inferior and tempo-
ral to the macula, and 50% applied superior and 
temporal to the macula (Figure 2). Although the 
pretreatment cone density was different in each of 
these areas, change in cone density from baseline 
was the focus in SLO-AO analysis.

We studied these lesions regularly during a 
9-month period using multiple high-resolution ret-
inal-imaging modalities, including SLO-AO under 
Stanford University Human Subjects Institutional 
Review Board review, fundus color photos, red-free 
fundus photos, infrared imaging, fundus autofluo-

rescence, SD-OCT, and fluorescein angiography. 
We subsequently evaluated cone cell loss and re-
covery over time by both subjective and objective 
analysis, primarily utilizing SLO-AO and SD-OCT.

RESULTS

Fundus photography, SD-OCT, and SLO-AO 
prior to treatment showed normal retinal tissue as 
expected (Figure 1). In the SLO-AO images, each 
visible bright or white dot represents an individual 
cone cell (of note, rod cells are too small to be re-
liably imaged with the Cannon SLO-AO unit used 
in this study). Laser treatment was subsequently 
applied, with 75% of threshold power applied to 
retinal tissue inferior and temporal to the macula, 
50% applied superotemporally, and 25% applied 
immediately temporal to the macula (Figure 2).

Immediately after treatment, SD-OCT and SLO-
AO showed no initial photoreceptor damage at 25% 

Figure 3. Laser burns immediately after treatment.
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of threshold power, whereas the 50% and 75% le-
sions showed initial outer-retinal damage (SD-OCT) 
and damage to photoreceptor arrays (SLO-AO) (Fig-
ure 3). Nine months after treatment, SD-OCT and 
SLO-AO images demonstrated varying degrees of 
repair of the photoreceptor and RPE layers at all 
power levels. Importantly, at 9 months, the 25% 
of threshold lesions showed no residual damage 
(Figure 4). In following the 25% of threshold laser 
lesions during the entire course of 9 months, no 
photoreceptor damage was seen at any time points 
(Figure 5).

We estimated the density of cone cells in the 
area of each subthreshold burn by both subjective 
analysis and using an automated cone-counting 
algorithm (Figure 6), verifying the findings on SD-
OCT and SLO-AO. Although we realize that auto-
mated cone-counting algorithms may be unreliable 
when applied to damaged photoreceptor arrays, 

the primary result in our study was that the 25% 
of threshold lesions showed stable photoreceptor 
counts at all time points.

Additionally, a fluorescein angiogram was per-
formed immediately after the laser application. The 
50% and 75% power lesions showed hyperfluores-
cence consistent with late leakage, likely due to 
tight junction disruption of retinal pigment epi-
thelium. The 25% power lesion showed no hyper-
fluorescence.

Fundus autofluorescence, red-free fundus pho-
tos, and color fundus photos were obtained at all 
time points.

DISCUSSION

Retinal laser photocoagulation, previously the 
standard of care in the treatment of retinovascular 
disease, has been surpassed in the past decade by 
the use of pharmacologic therapy including anti-

Figure 4. Laser burns 9 months after treatment.
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VEGF.1 Although typical retinal laser photocoagula-
tion is still a useful modality for certain cases, sub-
threshold retinal laser therapy has recently shown 
promise as an additional useful treatment modal-
ity. Subthreshold retinal laser therapy is an encom-
passing term that includes many varying treatment 
protocols with disparate laser settings currently be-
ing explored for the treatment of DME, DR, BRVO, 
CSCR, and AMD as previously discussed.

As current interest in retinal laser therapy con-
tinues to shift from damaging photocoagulation to 
nondamaging “photostimulation” with subthresh-
old dosing, it becomes increasingly important to 
provide objective data that can be used to create 
dosing algorithms grounded in patient safety mea-
sures. Patient safety must be our foremost concern, 
especially when treating foveal tissue. To the best 
of our knowledge, the dose effect of subthreshold 
laser therapy with a 577-nm laser at 20-ms dura-
tions on in vivo individual human photoreceptors 
was previously unknown. Therefore, this study is 
the first of its kind to quantify individual photore-
ceptor damage at various subthreshold laser pow-
ers in in vivo human retina utilizing SLO-AO and 

the first study demonstrating the safety of laser ap-
plied at 25% or less of threshold power in vivo hu-
man tissue.

A limitation of our study is the unreliability 
of cone counting utilizing SLO-AO in the setting 
of outer retinal damage, as scar tissue produces 
a bright signal similar to the signal produced by 
wave-guided cones. The most reliable way to avoid 
erroneously including scar tissue in the counting of 
cones is to verify outer-retinal integrity on SD-OCT. 
With intact outer-retinal hyperreflective bands, one 
can verify that the signal is due to cones. With dam-
age to outer-retinal structures, it can be difficult to 
interpret whether the signal is due to residual/re-
generating photoreceptor arrays or scar tissue. Ad-
ditionally, the SLO-AO prototype machine utilized 
in this study detects only normal “wave-guided” 
cones that strongly directionally backscatter (wave-
guide) light. This prototype does not currently im-
age “non–wave-guided” cones, as is possible with 
nonconfocal split-detector SLO-AO,18 and it is pos-
sible that some cones reported as damaged or de-
stroyed are in fact present but not included in the 
imaging plane and subsequent analysis. These are 

Figure 5. Laser treatment burns at 25% of threshold power over time.
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limitations of our study in providing analysis of the 
75% and 50% of threshold lesions; however, they 
do not affect our primary result, which is the dem-
onstration of no visible damage to photoreceptor ar-
rays treated with 25% of threshold power.

An additional limitation of the study is that laser 
therapy and subsequent analysis was performed on 
retinal tissue free of disease, and therefore it is pos-
sible that diseased outer retina may exhibit greater 
fragility and photoreceptor damage with low-dose 
subthreshold laser therapy.

CONCLUSION

In conclusion, SLO-AO and SD-OCT imaging of 
subthreshold laser therapy in human retina showed 
no cone cell or RPE damage at all time points dur-
ing a 9-month period using the 25% threshold 
power 577-nm laser. Therefore, it is likely that sub-
threshold laser therapy with 577-nm laser at 20-
ms durations in human retina is safe at the 25% 
of threshold power level. Although safety appears 

evident at this treatment level, the efficacy at 25% 
of threshold power remains unverified, and there-
fore, direct clinical translation is not warranted at 
this time.
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