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ABSTRACT

Background: Spectral domain optical coherence tomography (SD-OCT) in patients can deliver retinal
cross-sectional images with high resolution. This may allow the evaluation of the extent of damage
to the retinal pigment epithelium (RPE) and the neurosensory retina after laser treatment. This
article aims to investigate the value of SD-OCT in comparing laser lesions produced by conventional
laser photocoagulation and selective retina treatment (SRT). Material and Methods: In a retrospective
study, conventional retinal laser (CRL) lesions and SRT laser lesions were evaluated with SD-OCT.
One hundred seventy-five CRL lesions were investigated in 10 patients with diabetic maculopathy
at timepoints between 1 hr and 4 years after treatment. Ninety-one SRT lesions were examined
in 9 patients with central serous retinopathy, geographic atrophy, and diabetic maculopathy at
timepoints between 1 hr and 2 years. CRL lesions were applied with an ophthalmoscopically slightly
grayish-white appearance (Nd:YAG laser at 532-nm wavelength; power 100–200 mW; retinal spot
diameter 100 µm; pulse duration 100 ms). SRT lesions were applied with a Nd:YLF (527 nm; pulse
duration 200 ns [30 pulses at 100 Hz]; energy 100–200 µJ/pulse; retinal spot diameter 200 µm) and
were visible only angiographically. Results: All CRL lesions were characterized by high reflectivity
in OCT images throughout the full thickness of the neurosensory tissue 1 hr after irradiation,
suggesting complete neurosensory coagulation. Strong contraction through the full thickness of
the neurosensory layers was observed within 7 days after treatment. In contrast, the neural retina
appeared unaffected after SRT. For both lesion types, the RPE layer appeared to be regular or thinner
immediately after treatment, whereas within a period of 4 weeks, a RPE thickening indicating RPE
proliferation was observable. One year and later after treatment, CRL lesions were characterized by
RPE atrophy combined with significant damage of the neurosensory tissue. SRT lesions aged one
year and older revealed unaffected neurosensory structures and an intact RPE layer. Conclusion:
Spectral domain OCT can be used clinically to follow the development of laser-induced lesions over
time. Postoperative RPE proliferation was observed in both CRL and SRT laser lesions. RPE atrophy
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appeared subsequently only in CRL lesions, whereas the neurosensory retina appeared unaffected
following SRT. These results suggest the selective effect of SRT in humans without causing adverse
effects to the neurosensory retina.
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INTRODUCTION

Conventional laser photocoagulation has been shown
to successfully manage complications in a variety of
retinal diseases such as diabetic macular edema (DME),
diabetic retinopathy (DRP), macular edema in branch
retinal vein occlusion (BRVO), or central serous chori-
oretinopathy (CSC). There is substantial evidence that
the positive laser effect is mediated by the retinal pig-
ment epithelium (RPE).1,2 The RPE, due to its high
amount of melanosomes, absorbs about 50 to 60% of
incident green light, and, thus, it is the main target
of laser energy applied to the retina.3 During typi-
cal coagulation, exposure times of about 100–200 ms
thermal heat conduction from the center of the laser
burn toward the periphery, and into the neurosensory
retina results in the formation of an ophthalmoscop-
ically visible grayish-white lesion. Histologically, pri-
mary damage of the RPE was observed, with associated
coagulative tissue changes in the outer and inner seg-
ments of the photoreceptors.4–7 Several groups studied
effects of laser treatment on the fundus. In vivo it was
shown that argon laser photocoagulation of the mon-
key and human fundus causes necrosis of the RPE and
a detachment of the RPE from Bruch’s membrane,8–10

budding of individual RPE cells,10,11 and a multilay-
ered RPE formation in the area of laser irradiation by 7
days after treatment.1,8–10,12,13 Histology immediately
after conventional argon laser treatment showed that
all RPE cells are destroyed, and the choriocapillaris as
well as the vessels of the choroid are damaged.14 RPE
cells adjacent to the laser lesion appear to migrate into
the lesion and proliferate, covering the tissue defect.15

The RPE barrier was completely restored 7 days after
mild macular coagulation.15 Thus, proliferation of RPE
cells can be interpreted as the primary healing response
to defects in the RPE monolayer.

Several macular diseases, e.g., age-related macular de-
generation, CSC, or DME, are also thought to be caused
by reduced functionality of the RPE cells.16–18 There-
fore, a method for the selective “stimulation” of RPE
cells without causing adverse effects to choroid and
neuroretina, especially to the photoreceptors, might be
an appropriate treatment assuming that the barrier is
restored quickly after treatment.19 The selective effect
on RPE cells has been demonstrated initially by using
5-µs argon laser pulses at 514 nm with a repetition rate

of 500 Hz.19 By irradiating the fundus with a train of
microsecond laser pulses, it is possible to achieve high
peak temperatures around the melanosomes, leading
to damage of the RPE.9 Due to the short pulse duration,
heat diffusion is minimized and sublethal temperature
increase is observed in adjacent tissue structures.9 The
selective damage of the RPE cells with concurrent spar-
ing of photoreceptors has been confirmed by histology
at different times after treatment.20,21 The first clinical
trial of selective retina treatment (SRT) using a Nd:YLF
laser system with a pulse duration of 1,7 µs (100 pulses,
100 and 500 Hz) demonstrated the clinical potential of
this technique.22,23 Subsequently, SRT laser parameters
were successfully refined, reducing the applied energy
by using even shorter pulses, fewer repetitive pulses,
and lower repetition rates.24 Additionally, efforts were
undertaken to non-invasively visualize the ophthalmo-
scopically invisible SRT lesions postoperatively by fun-
dus autofluorescence (AF), which was also able to show
proliferation effects of the RPE days to weeks after the
SRT and also the conventional laser treatment.25,26

Since the SRT effect has only been histologically proven
in rabbit trials so far, the advent of spectral domain op-
tical coherence tomography technique (SD-OCT) might
be able to achieve this goal non-invasively also in hu-
man treatments. The SD-OCT provides cross-sectional
retinal images with an axial resolution of about 7 µm.
Thus, axial resolution is on the order of the thickness of
the RPE monolayer, and structural changes within the
retina might now be detected with sufficient sensitiv-
ity. The aim of this study was to investigate the value
of SD-OCT for the post-treatment control after SRT by
comparing retinal tissue changes in conventional reti-
nal laser (CRL) lesions and SRT lesions in patients.

MATERIAL AND METHODS

SD-OCT

Fundus and OCT images were acquired with a com-
bined SD-OCT and scanning laser ophthalmoscope
(SLO) imaging system (Spectralis HRA+OCT; Heidel-
berg Engineering, Heidelberg, Germany). The system
is able to acquire en face SLO images in angiographic,
AF, and reflectance imaging modes as well as cross-
sectional SD-OCT images. An 870-nm super lumines-
cent diode (SLD) is used for OCT imaging. In SD-OCT
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mode, the retina is scanned at 40.000 A-scans per sec-
ond, presenting highly detailed images of the retinal
structure. The OCT depth resolution (FWHM) is 7 µm.
The images of the SLO and OCT modes can be overlaid
and automatically, spatially co-registered. Images can
also be co-registered over time for different visits of a
patient.

Patients and Qualitative Grading of Laser
Lesions

Images were recorded to evaluate the appearance of the
retinal laser lesions in patients with DME, CSC, and
geographic atrophy (GA) due to age-related macular
degeneration (AMD).

OCT imaging after laser treatment was performed on a
total of 266 lesions in 19 patients presenting both CRL
and SRT lesions. One hundred seventy-five CRL lesions
were investigated in 10 patients with DME at time-
points between 1 hr and 4 years after treatment. Ninety-
one SRT lesions were examined in 9 patients with CSC,
GA, and DME at timepoints between 1 hr and 2 years.
Each patient underwent complete ophthalmologic ex-
amination. In most cases, additional angiography and
AF was performed. OCT evaluation focused on analyz-
ing the appearance of both the RPE and the neurosen-
sory retinal layers within the lesion sites. Herein, the
RPE was qualitatively graded as (1) regular, (2) thin,
(3) thick, or (4) atrophic. The neurosensory layer was
graded as being (1) regular, (2) of increased reflectivity,
or (3) of contracted appearance. In selected cases, the
OCT findings were compared to the AF levels in the
irradiated areas. The exact location of lesions in the im-
ages are demarked with arrows deduced from distance
measurements in the Eye Explorer software (Heidel-
berg Engineering, Heidelberg, Germany).

Laser Settings

Conventional laser photocoagulation treatment was
carried out using a Nd:YAG laser (Visulas, Zeiss, Jena,
Germany; wavelength 532 nm frequency-doubled; reti-
nal spot diameter 100 µm; duration 100 ms, and power
100–200 mW). SRT was carried out using an experi-
mental prototype of an SRT laser system (SRT Laser
vario; Medical Laser Center Luebeck, Germany). The
laser was manufactured in accordance with the Euro-
pean Medical product law. The core of the system con-
sists of a diode laser excited Q-switched Nd:YLF-laser
with intracavity frequency conversion to a wavelength
of 527 nm. The duration of the Q-switched pulse can
be extended from 200 ns up to 3 µs by increasing the
efficiency of the second harmonic generation up into
the overcoupling regime.27 The laser was operated at a
repetition rate of 100 Hz, and a train of 30 pulses (each

of 200 ns pulse length) was applied to generate the SRT
lesions. Maximal pulse energy of this laser system was
1 mJ.

Laser Treatment

Proper SRT dosimetry of the ophthalmoscopically in-
visible lesions was adjusted in each patient by placing
4 to 16 test exposures with energies ranging from 60–
200 µJ at the lower vessel arcade. The energy was in-
creased in increments of 20 µJ up to the level where test
exposures became ophthalmoscopically visible or up to
the highest energy of the laser. Afterwards, angiogra-
phy was performed to determine the angiographic visi-
bility that indicates the desired RPE damage. Treatment
lesions then have been applied with energies within
the therapeutic window between the angiographic and
ophthalmoscopic threshold. The SRT treatment was ap-
proved by the local ethics committee, and a written
consent was obtained from each patient.

The therapeutic results of SRT in these patients will be
discussed elsewhere. In certain diseases, such as DME
or CSC, previous clinical studies showed improvement
in the course of the disease.23,25 In this study, in a
new subgroup of patients presenting with bilateral and
equally pronounced GA due to AMD, one eye was
treated by SRT in the junctional zone of the atrophy.
The rationale is based on AF findings in GA that mostly
reveal increased AF signals in the junctional zone of
atrophy, suggesting RPE cells with a high lipofuscin
content designated for apoptosis.28 It was the purpose
ideally to stop or reduce further growth of atrophy by
irradiating the junctional zone, thus to stimulate the
cells to proliferate. These clinical results will also be
discussed elsewhere.

RESULTS

In this study, significant differences of tissue changes
between CRL lesions and SRT lesions were detected us-
ing SD-OCT. Ophthalmoscopically, CRL lesions were
frequently visible as grayish-white coagulation spots,
while all SRT lesions were ophthalmoscopically invis-
ible. The observed retinal structural changes of both
lesion types are summarized for all patients in Table 1
(CRL lesions) and Table 2 (SRT lesions).

CRL Lesions

SD-OCT images taken 1 hr after treatment showed in-
creased reflectivity throughout the full thickness of the
neurosensory layer within all observed CRL lesions
(Fig. 1). Also, retinal structure and delineation of the in-
dividual layers comprising the retina were lost, similar
to histologic findings after laser photocoagulation. The
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Table 1. Characteristics of conventionally applied laser lesions in 10 patients with diabetic maculopathy. Displayed are patients’
age, the age of CRL lesions, the number of lesions, and the corresponding figures. A description of the RPE and the neurosensory
layer derived from the OCT sections are given using the following terms: RPE is described as being (1) regular, (2) thin, (3) thick,
or (4) atrophic; for the neurosensory layers, reflectivity is described as (1) regular, (2) increased, or (3) contracted. Additional
information is given for increased (AF+) or decreased (AF–) autofluorescence of the distinct lesions if available

Age of Number of Fundus- Neurosensory
Patient Age lesions lesions RPE autofluorescence layers reflectivity Figures

1 56 1 hr
1 wk
1 yr

n = 12
n = 12
n = 20

Thin
Thick
Thick

Increased
Contracted
Increased

Figs.1 and 2

2 70 1 hr n = 14 n.d. Increased
3 83 3 yr n = 17 Atrophic Contracted
4 72 1 hr

8 mo
n = 8
n = 23

Regular
Thick

AF+ Increased
Contracted

Fig. 3

5 71 6 mo
3 yr

n = 7
n = 11

Thick
Atrophic

AF+
AF–

Increased
Contracted

6 65 1 yr
4 yr

n = 19
n = 13

Thick
Atrophic

AF+
AF–

Increased
Increased

7 71 3 wk n = 26 Thick Contracted Fig. 4
8 60 14 mo

3 yr
n = 14
n = 11

Thick
Atrophic

AF+
AF–

Contracted
Contracted

Fig. 5

9 63 4 wk n = 18 Thick Increased
10 64 8 mo

16 mo
n = 8
n = 6

Thick
Atrophic

AF+
AF–

Contracted
Contracted

(n.d. = non-determinable).

RPE as the primary absorber of laser energy in part
appeared thinned 1 hr after treatment due to the signif-
icant damage to this layer (Patient 1; Table 1). However,
RPE thinning after coagulation was not observed in all
lesions, and then the RPE signal was within the regular
range (Patient 4; Fig. 3; Table 1). The CRL lesions in
Patient 1 showed, upon reexamination after one week,
thickening of the RPE within the lesion sites (Fig. 2).
In addition, contraction of the neurosensory layers ap-
peared in all lesions, suggesting scarring of the tissue
(Figs. 1 and 4). The extent of contraction was different
in patients; however, increased reflectivity at the lesion
sites was always apparent in one-week up to 4-year-old
lesions. In general, the grade of this reflectivity increase
was more enhanced 1 hr after laser photocoagulation
than in older lesions, when tissue contraction was pre-
dominantly visible.

CRL lesions 3 years and older revealed complete
RPE atrophy and an increased OCT signal within
the choroidal layer. Younger lesions between 1 and 3
years in age were characterized by RPE thickening in
the center of the lesion surrounded by atrophic RPE
(Fig. 5A2), further leading to complete atrophy. This
is consistent with the AF appearance of those lesions
showing a central island of increased AF surrounded

by an atrophic ring without any AF signal (Fig. 5C). As
displayed in Fig. 5B2, final complete RPE atrophy in
accordance to the negative AF (Fig. 5C) was observed.

SRT Lesions

In contrast to the CRL lesions, regular RPE and regular
neurosensory structures were observed in 5 patients
(33 lesions) 1 hour after SRT (Figs. 6, 7, and 8; Table 2).
Although significant postoperative angiographic leak-
age demonstrated clear RPE damage, no alterations of
the RPE signal were visible in SD-OCT. Additionally,
no alterations of the neurosensory tissue were observed
in any of these early lesions. This absence of neuroreti-
nal changes in the OCT images confirms the selective
effect of SRT. Follow-up of the SRT lesions up to 5
months also confirmed expected thickening of the RPE
layer in all lesions, which agrees well with the increase
of AF intensity within the lesion sites 3 weeks after
irradiation (Fig. 8D). Despite these changes in the RPE
layer over the course of the recovery, the neurosensory
layer remained regular at any timepoint during follow-
up. However, in solitary lesions, some affection of the
outer photoreceptor layers might not be completely
ruled out (Fig. 7A; Fig. 8E). Herein, RPE proliferation
in the center of such lesions seemed to push the
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Figure 1. OCT image on CRL lesions 1 hr after treatment. (A) IR fundus image shows slightly visible neurosensory retinal
coagulation at the lower vessel arcade. (B) OCT image shows significantly increased reflectivity and loss of structure throughout
the full-thickness retina, while the RPE appeared thinner at the lesion sites. Arrows demarcate one of the laser lesions,
magnified in (C).

outer and inner layer of photoreceptors inwards
(Figs. 7 and 8); however, OCT images did not allow
for further differentiation of this possible damage to
the outer photoreceptor layer.

The described features of selective RPE changes were
observed in SRT lesions up to 20 months of duration af-
ter treatment, with no hints of atrophic RPE appearance
(Fig. 9).

Figure 2. Same OCT section from Figure 1 one week after treatment. (A) IR fundus image shows increased visibility of the laser
burns. (B) OCT image shows significant full-thickness alterations of the neurosensory retina in all of the lesions, such as
contraction and an arcade-like appearance of the inner layers. The RPE within the lesion sites appeared to be thicker, suggesting
RPE proliferation. Arrows demarcate the same lesion (also magnified in C) as displayed in Figure 1.
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Figure 3. CRL lesions aging 1 hr (A) and 8 months (B) are displayed (arrows demarcate particular lesions). In section A, three
lesions are displayed with increased reflectivity of the neurosensory layers but—in contrast to Figure 1—regular RPE. In section
B, RPE thickening suggesting the proliferation process was observed. Also, the choroidal signal was decreased within these
lesions, while it was enhanced at the rim and in between the lesions, suggesting RPE atrophy. Additionally significant
alterations of the neurosensory layers (increased reflectivity indicating coagulation as well as tissue contraction) were seen.

DISCUSSION

High-resolution SD-OCT allows clinical evaluation
of the extent of retinal laser damage after conven-
tional laser photocoagulation and SRT. Especially, the

combination of OCT with the different confocal SLO
imaging modalities, as well as the image registration
and tracking, allows following particular laser lesions
from the time of treatment over the period of the recov-
ery process.

Figure 4. Two OCT sections (A2, B2) with their corresponding fundus IR images (A1, B1) in 3-week-old CRL lesions in both eyes
of a 71-year-old patient. Arrows demarcate three particular lesions in each of the sections. RPE thickening and full-thickness
high reflectivity and contraction of the neurosensory tissue (A2, B2) suggest thermal coagulation. Pushed-up RPE in the left
lesion (A2) might also indicate choroidal coagulation.
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Figure 5. Displayed are two OCT sections and their corresponding IR images (A, B) and an AF image (C) of the left fundus from
a 60-year-old patient presenting CRL lesions (arrows). The A images (labeled A in C) showed 14 months of CRL lesions of
increased AF. The CRL lesions of the B images (labeled B in C) were three years old, presenting no AF signal (C). The AF-positive
CRL lesions were characterized by thickened RPE and contraction of the neurosensory layer (A2, magnified in A3), indicating
RPE proliferation. The AF-negative lesions (B2, magnified in B3) revealed RPE atrophy and enhanced reflectivity of the choroid.

Figure 6. SRT lesions aged 1 hr are displayed angiographically in two sections, revealing progressive leakage from the
selectively damaged RPE (A1, B1 = angiography; arrows demarcate distinct lesions). OCT sections (A2, B2) showed normal
reflectivity of the neurosensory retinal layers underlining the selective effect of SRT (arrows demarcate the location of the
distinct lesions; ∗ = retinal blood vessels). The lesions were ophthalmoscopically invisible (C), suggesting unaffected
neurosensory tissue.
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Figure 7. The same lesions from Figure 6 are displayed two weeks later in three sections (A1, B1, C1). The OCT showed a
variable thickening of the RPE layer, suggesting RPE proliferation (A2 and C2, magnified in A3 and C3). Neurosensory retinal
layers, including the outer photoreceptor layers appeared mostly unaffected in all SRT lesions; however, some slight structural
changes might be observed within the outer photoreceptor layer in particular lesions (A3).

Figure 8. Displayed are SRT lesions 1 hr after treatment (A = FLA; arrows demarcate distinct lesions) with corresponding IR
image (B1, C1) and the OCT sections (B2 and C2). The same lesions 3 weeks later are shown in AF image D (arrows again
demarcate same lesions) with the corresponding OCT sections (E1–2 and F1–2]. One hour after treatment for
fluorescein-positive SRT lesions (A), no structural changes were seen in OCT (B2, C2). Three weeks later, lesions revealed
increased AF levels (D), indicating RPE proliferation, while OCT sections presented marked RPE thickening in the center of the
lesions without damage to the neurosensory layers (arrows) (E2, F2). This underlines the considered selective RPE proliferation,
whereas the decreased reflectivity at the lesions periphery might be derived from some still apparent leakage inducing small
edema within the outer photoreceptor layers. The inner retinal layers are unaffected and only “pushed” a little inward due to
the RPE thickening (F2, arrow).
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Figure 9. 14-month-old AF- and FLA-positive SRT lesions (A, B; arrows demarcate distinct lesions) showed regular RPE (C;
arrows demarcate the location of the lesions) with no signs of atrophy or irregular neurosensory retina. No laser-induced RPE
atrophy is expected due to the absence of damage to the neurosensory and choroidal layers.

Table 2. Characteristics of SRT laser lesions in nine patients with different macular diseases (CSC = central serous chorioretinopa-
thy; GA = geographic atrophy due to AMD; DME = diabetic macular edema). Displayed are patients disease, patients’ age, age
of SRT lesions, number of lesions, and corresponding figures. A description of the RPE and the neurosensory layer derived from
the OCT sections is given using the following terms: RPE is described as being (1) regular, (2) thin, (3) thick, or (4) atrophic; for
the neurosensory layers reflectivity is described as (1) regular, (2) increased, or (3) contracted. In one case, neurosensory irreg-
ularities were observed due to a neurosensory detachment. Additional information is given for increased (AF+) or decreased
(AF–) autofluorescence of the distinct lesions if available

Age of Number of Fundus- Neurosensory
Patient Age lesions lesions RPE autofluorescence layers Figures

1 CSC 49 1 hr n = 8 Regular Regular
2 CSC 58 1 hr

2 wk
n = 7
n = 7

Regular
Thick

Regular
Regular

Figs. 6 and 7

3 CSC 51 1 hr
4 wk

n = 5
n = 5

Regular
Thick

AF+ Regular
Regular

4 CSC 39 1 hr
3 wk

n = 6
n = 6

Regular
Thick

AF+ Regular
Regular

Fig. 8

5 CSC 49 1 hr
2 wk
3 mo

n = 6
n = 6
n = 6

Regular
Thick
Thick

Irregularities
due to
neurosensory
detachment

6 CSC 45 1 hr
2 mo
5 mo

n = 7
n = 7
n = 7

Regular
Thick
Thick

Regular
Regular
regular

7 GA 81 14 mo n = 4 Thick AF+ Regular Fig. 9
8 GA 67 19 mo n = 2 Thick AF+ Regular
9 DME 68 20 mo n = 2 Thick Regular

(n.d. = non-determinable).
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In general, the tissue response in RPE and neural retina
involved in the recovery processes after laser impact for
conventional and SRT laser treatment can be followed
in detail. The OCT findings in turn correlate well with
AF findings, demonstrating that the well-known his-
tological features can be monitored in a non-invasive
manner in vivo also in humans.

CRL Lesions

Early CRL lesions 1 hr after treatment frequently re-
vealed a thinner or regular RPE layer in OCT imag-
ing corresponding to histological findings showing
damaged RPE cells.1,7,14,15 Since the debris of dam-
aged RPE cells are expected to still be in place im-
mediately after treatment, variances of the OCT signal
from the RPE layer are obvious (regular versus thin
appearance regarding to Table 1). In no case was a
thickening of the RPE observed 1 hr after treatment;
however, always a full-thickness increase of reflectiv-
ity within the neurosensory retina was seen, indicat-
ing complete thermal coagulation that accounts for the
ophthalmoscopic visibility of these lesions. Thus, SD-
OCT is able to non-invasively demark morphologically
a full-thickness damage of the retina, which might also
account for a reduced AF signal usually seen in these
lesions26 by simply blocking the RPE-derived AF.

Within days after laser treatment, the cell debris of
damaged RPE cells and photoreceptors is phagoc-
itized by RPE bystander cells sliding in from the
neighborhood or by macrophages originating from
the choriocapillaris.1,8–10,12,13,29 Such lesion sites show
significantly increased AF in this phase of the
recovery.25,26 Accordingly, in our study, RPE thicken-
ing in CRL lesions was frequently found in OCT 1 week
and later after treatment, suggesting the described
RPE proliferation. A decreased OCT signal within the
choroid always accompanied these RPE changes due to
stronger bulk absorption in the thicker and presumably
multilayered RPE layer. Regarding the neurosensory
tissue in all lesions, significant full-thickness damage
could be followed, showing high reflectivity accompa-
nied by loss of tissue structure and subsequent tissue
contraction, which suggests an irreversible impact of
the cw laser photocoagulation.

Finally, RPE atrophy was always present in CRL le-
sions several years of age. Usually, spots without any
AF signal indicate complete loss of RPE for such le-
sions, as also observed in GA due to AMD.28 Accord-
ingly, the OCT images revealed atrophic RPE layers
and enhanced OCT intensity in the choroidal layers
due to the lost RPE absorption. This underlines the
irreversible process of cw laser-induced scotoma and
suggests that a lack of proper support function by, for

example, healthy photoreceptor structures prevents a
recovery of a stable and healthy RPE layer after con-
ventional laser photocoagulation.

SRT Lesions

Early SRT lesions 1 hr after treatment revealed reg-
ular RPE signals and, in contrast to the CRL lesions,
no structural changes of the neurosensory layer. This
suggests that the laser impact is, as expected, selec-
tive to the RPE by lacking damage to the photorecep-
tors and inner neurosensory layers. As derived from
Fig. 6 and Fig. 8, angiography clearly demonstrates the
SRT-induced RPE damage by revealing leakage, with
no signs of damage in the corresponding OCT signal.
Thus, using the SD-OCT technique, it is possible for
the first time to non-invasively visualize the selective
effect of SRT in humans. Regarding retinal function
of such laser lesions, microperimetry has already been
successfully performed and revealed no laser scotoma
resulting from the treatment.21,22 However, it has been
discussed whether the microperimetry stimulus was
small enough to prove this sufficiently. Conversely, the
presented OCT findings confirm the microperimetric
findings by suggesting intact neurosensory structures.

Since early ophthalmoscopically invisible SRT lesions
as well as ophthalmoscopically visible CRL lesions re-
veal an AF decrease of unknown origin,25,26 this seems
to be derived from a lack of proper fluorophores due to
the laser-induced RPE damage but not—as suggested
by the OCT findings—from a blockage phenomenon
or even from sub- or intraretinal fluid, which was not
noticed herein in the OCT sections.

SRT lesions are characterized by a similar early RPE
recovery phase in that RPE thickening suggests pro-
liferation. Comparable to CRL lesions aging 1 week
and older, such SRT lesions also reveal significantly in-
creased AF. As shown in Figure 8, the increased AF
levels correlate well with the thick RPE signal in the
OCT section underlining the RPE healing mechanism.

This process was independent from different macular
diseases or patients’ age and can therefore be consid-
ered as being autonomous from a potential neurosen-
sory damage. However, it was remarkable to observe
the significant absence of structural changes within the
neurosensory retinal layer in SRT lesions. In contrast
to the full-thickness damage in CRL lesions, no neu-
ral retinal alterations, except of slight photoreceptor
changes in some lesions, were observed at any time-
point during follow-up in any of the SRT lesions.

Moreover, no atrophy of the RPE layer was found after
about 2 years from treatment with SRT underlining
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the proposed selective effect. While, however, only a
small number of older SRT lesions was examined in
this study, the lack of RPE atrophy suggests integrity of
the choroid and neurosensory retina. That is, selective
RPE targeting spares not only the neural retina but also
the oxygen-rich choroid from thermal coagulation. As
a result, a fully functional, healthy and stable RPE can
regenerate. However, a larger number of older SRT
lesions needs to be examined to achieve concluding
results on this issue.

SUMMARY

In summary, the recent advent of clinically available
high-resolution SD-OCT allows distinct examination
of retinal tissue changes after laser treatments for the
first time. This study highlights the dramatically dif-
ferent tissue reactions after conventional thermal laser
photocoagulation and SRT laser treatment. Even in the
small patient series of this pilot study, the selective
effect of SRT was contrasted against the irreversible
full-thickness damage of photocoagulation in a non-
invasive manner in vivo. RPE thickening demonstrated
the proliferation process after treatment in both laser
lesion types; however, final RPE atrophy was only ob-
served for CRL but not for SRT lesions.

Further OCT studies examining a larger number of
laser lesions might be able to evaluate the presented tis-
sue changes also quantitatively. Moreover, future gen-
erations of OCTs may have an even better resolution
and may be able to display the RPE photoreceptor com-
plex in more detail in order to evaluate the laser impact
in these layers more exactly.
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