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Abstract
Purpose To assess the efficacy and safety of indocyanine
green (ICG) dye-enhanced subthreshold diode-laser micro-
pulse (SDM) photocoagulation in patients with chronic
central serous chorioretinopathy (CCSC) with no spontane-
ous resolution 6 months after the onset of the disease.
Study design Interventional prospective non-comparative
case series of seven patients presenting with CCSC with
well-defined active leaking sites (ALS) suitable for laser
treatment and with serous neuroepithelial detachment
persisting for 6 or more months.
Methods SDM treatment was performed 15 minutes after
the injection of 25 mg of ICG in 2 cc of 5% glucose
solution. ALS were treated with a series of 50 500-ms
exposures separated by 500-ms pauses. Each 500-ms
exposure delivered a train of 250 micropulses at 10% duty
cycle and 500 mW power. ICG angiographic images were
taken after the treatment without new ICG injection, to
check for the presence of laser-induced spots of background
hypofluorescence at the treated leakage sites.
Results Within 7-14 days after treatment, all the patients
showed improved visual acuity and reduction of serous
neuroepithelial detachment on OCT. No signs of laser

lesions were visible at fundus examination and on fluores-
cein angiography. In a period ranging from 4 to 8 weeks,
the neuroepithelial detachment was completely resolved in
five patients and reduced in two patients. At the 12-month
follow-up visits, no recurrence had occurred in the patients,
with resolution of the serous neuro-epithelial detachment,
and no worsening of the serous detachment or of VA was
noted in the patients with incomplete recovery.
Conclusions These preliminary results suggest that ICG
dye-enhanced SMD photocoagulation appears to be an
effective treatment, and can represent a viable approach for
the management of CSCC with persistent serous neuro-
epithelial detachment. Post-treatment ICG angiography,
without new ICG dye injection, can be used to verify the
placement of the SDM laser applications.
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Introduction

Central serous chorioretinopathy (CSC) is characterized by
idiopathic serous detachment of the neurosensory retina
secondary to focal defects of the retinal pigment epithelium
(RPE), such as multiple small serous detachments and/or
localized areas of atrophy [1]. The prevalence of CSC
peaks around 45 years of age and the incidence is about six
times higher in men than in women, with a mean annual
age-adjusted incidence per 100,000 of 9.9 for men and 1.7
for women. There are no significant risk factors identified
for CSC [2]. Extra-ocular conditions associated with CSC
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include type A personalities [3], organ transplantation [4–6],
systemic and intranasal use of steroids [7, 8], systemic
lupus erythematosus [9, 10], Cushing’s disease [11], and
other systemic factors [12]. Usually, CSC regresses spon-
taneously within several months, but recurrence is observed
in 33% to 50% of cases [13, 14]. Direct focal treatment of
the RPE active leakage site with conventional laser photoco-
agulation can accelerate the resolution of the serous detach-
ment, but the final vision acuity (VA) is often similar to that
produced by spontaneous healing [15–17]. For this reason,
conventional laser photocoagulation is not normally indicated
for the treatment of CSC, and it is considered only in specific
cases such as those associated with persistent (4–6 months) or
progressive detachment (with or without inferior guttering),
permanent CSC changes in the fellow eye, multiple recur-
rences, or the professional need for rapid vision recovery.
Complications of conventional laser treatment can include
central scotoma, contrast sensitivity loss, accidental foveal
damage, retinal distortion and choroidal neovascularization
(CNV) [18–20]. CNV develops spontaneously in 15% of
patients with CSC [21, 22], an incidence second only to age-
related macular degeneration (AMD).

Studies on the treatment of various retinal disorders,
including CSC [23–26] support the hypothesis that sub-
threshold diode-laser micropulse (SMD) treatment of the
RPE can produce therapeutic benefits comparable to those
of conventional photocoagulation.

Clinical resolution is often reported with no detectable
signs of laser-induced iatrogenic damage. This is very
encouraging, but the absence of visible endpoint represents
a challenge for the surgeon. To overcome this problem, we
decided to perform the SDM treatment over ICG-stained
RPE cells with the triple goal of: (a) enhancing the
selectivity of the treatment for the active leaking sites
(ASL), (b) sparing the neurosensory retina, and (c)
documenting the placement of SDM applications seen as
dark spots in the ICG background fluorescence [27].

Methods

Seven consecutive patients presenting with idiopathic
chronic CSC between 2002 and 2007 were enrolled and
treated. The patients were male with mean age of 39±8.31.
They had persistent serous neuro-epithelial detachment
(average 6.57±0.79 months), metamorphopsia and de-
creased VA. Five patients had refractive hyperopic shift.
One or more RPE active leakage sites eligible for focal
laser photocoagulation were identified at FA in all patients.

When informed about the risk of complications, all
patients declined the conventional 532 nm laser treatment.
When requested to choose between the ICG-enhanced
SDM treatment or observation, all opted for the treatment

and signed the informed consent, despite the specific
warning that the absence of intraoperative visible endpoint
could lead to an insufficient treatment. Ethics Committee
decided approval was not required for this study. Research
adhered to the tenets of the Declaration of Helsinki.

For the treatment we used an 810 nm infrared diode laser
in the MicroPulse emission mode (IRIS Medical OcuLight
SLx, IRIDEX Corporation, Mountain View, CA, USA).

The treatment was started 15-20 minutes after the
injection of 25 mg of ICG in 2 cc of 5% glucose solution
(Infracyanine SERB), when (a) the hypofluorescent wash-
out of the retinal and choroidal vessels, and (b) the ICG
staining of the RPE–Bruch’s membrane complex were
visible at ICG angiography (ICGA) [28]. Prior to proceed-
ing with the treatment of the central active leakage site, a
test burn was performed either in the nasal mid periphery
(Fig. 1a) or on a peripheral active leakage site when present
(Fig. 1b) to ensure that no visible or latent retinal burn
would result. Each active leakage site was treated with fifty
sequential trains of micropulses of 500-ms duration
(500 mW power, 10% duty cycle, 0.2 ms “On” time” +
1.8 ms interpulse “Off” time=2.0 ms), separated by 500-ms
pauses, for a total treatment time of 50 seconds.

We used a laser spot size of 75 μm diameter in air that,
with the Volk PDT laser lens (1.5×spot magnification),
produced a spot of 112.5 μm on the retina. With this spot
and the laser power set at 500 mW, each micropulse had
5033 W/cm2 irradiance and 1.01 J/cm2 fluence. Although
no ophthalmoscopically and angiographically visible effects
were produced, each application with these laser parameters
totaled 121 times the maximum permissible exposure
(MPE) established by the ANSI Z136.1 MPE standard
issued by the American Standards Institute and adopted for
decades as benchmark for clinical treatment parameters
[29]. The 121× MPE level is above the safety margin given
for 100 μs laser exposures (100× MPE) [30] and proved
adequate to induce cellular effects in the target tissue.

When close to the fovea due to an higher pigment density,
as a further precaution, the number of sequential exposures
was halved from 50 to 25 (25 seconds treatment time).

Follow-up visits with biomicroscopy, fundus color
photography, OCT, UCVA and BCVA evaluations were
performed at 1, 2, 4, 6 and 8 weeks, 6 and 12 months in all
seven patients. Post-treatment fluorescein angiography (FA)
was performed in six patients in a period ranging from 6 to
12 months. One patient accepted all tests, but declined
further angiographic evaluations.

Results

The clinical data of the seven patients are summarized in
Table 1.
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OCT scan revealed complete resolution of the serous
neuro-epithelial detachment in five patients and a marked
reduction in two patients. Serous detachment recovery
times ranged from 4 to 8 weeks (median 6 weeks) in the
five patients that shoved a complete resolution. The patients
with incomplete recovery reached the maximum improve-
ment in 8 weeks. Visual acuity (VA) improved in six
patients and remained stable in one patient. The mean VA
improvement at the 12-month follow-up visit was of 0.19
LogMAR (p<0.05, Friedman test). All patients improved
their metamorphopsia-related symptoms.

At the 6- and 12-month follow-up visits, no recurrence
occurred in the five patients with complete resolution of the
serous neuro-epithelial detachment, and no worsening of
the serous neuro-epithelial detachment or of VA was noted
in the two patients with incomplete recovery (Fig. 2).

No sign of laser-induced lesion was detectable either
ophthalmoscopically or at angiography at any follow-up
time in all seven patients, as shown in the post-treatment
color retinographies and early (2-week) angiographies (FA
and ICGA) of the first patient (Fig. 3). Furthermore, no
trace of the treatment was evident at fundus autofluorecence
in patients 4 and 7 imaged by mean of HRA2 2 weeks after
the treatment (Fig. 4). Six-month angiographies of patients
4 and 6 revealed the lack of any scar due to laser
photothermal damage (Fig. 5).

Discussion

Conventional thermal laser treatment of the ALS has shown
to promote the resolution of the exudative manifestations in
CSC [15–17]. However, this treatment is controversial,
because comparable visual outcomes are normally achieved
over time with no intervention and no risks of adverse

effects [31, 32]. Recent studies in eyes with chronic CSC
have demonstrated a spatial correlation between the ALS at
fluorescein angiography and RPE alterations on optical
coherence tomography (OCT) [33–35]. This observation
suggests that persistent leak and sub-retinal fluid can lead to
permanent RPE changes, which cause irreversible visual
loss [36]. This provides the rationale for earlier interven-
tions for quicker resolution of leakage and fluid. To this
end, alternative laser techniques and protocols have been
devised to minimize the iatrogenic damage, improve the
benefit/risk ratio and justify earlier treatments prior to the
onset of irreversible functional losses. Among them:

– Selective RPE laser treatment (SRT)
– ICG–mediated photo-thrombosis (IMP)
– Subthreshold diode-laser micropulse (SDM) photoco-

agulation
– SDM photocoagulation of ICG-stained RPE cells at the

active leakage site

Selective RPE laser treatment (SRT) is performed with
short pulses (0.8-1.7 μs) from an experimental 527 nm
frequency-doubled Nd:YLF laser. It has shown favorable
clinical outcomes with RPE-related retinal disorders in-
cluding active CSC [37–39]. However, the quasi-adiabatic
heating interaction causes bubble formation or micro-
explosions, disrupting the outer blood-retinal barrier.
Fluorescein angiography immediately after the treatment
of proper intensity shows the presence of windows defect at
the site of the laser treatment. Since there are no
publications showing the fluorescein angiography of such
treatments after 12 or 18 months from the treatment with
SRT, the late development of RPE atrophy cannot be
excluded.

It has been proposed that ICG–mediated photo-thrombosis
(IMP) selectively occludes choroidal vessels, with minimal

Fig. 1 a ICG angiography (ICGA) 20 minutes after injection, showing
the background hyperfluorescence due to the RPE staining and the
retinal-choroidal vessels’ hypofluorescence due to the dye wash out.
The dark spot under the white arrow is the result of the test run
performed on the nasal side. b Late-phase ICGA showing the

hyperfluorescent juxtafoveal active leakage site (ALS, red arrow)
surrounded by pathologic stained RPE and the test run performed on
eccentric ALS (white arrow). The fovea’s position is indicated by the
white circle (overlay performed with Topcon ImageNET)
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damage to the overlying neurosensory retina. In a case
series, IMP produced favourable results in patients with
persistent CSC, but adverse events, such as mild and
transient retinal whitening and retinal capillaries occlu-
sion, occurred in three out of the eleven patients [40].
The severe retinal damage reported in the case of
persistent CSC treated with IMP prompted the warning
for potential severe adverse events [41].

Subthreshold diode-laser micropulse (SDM) is a photo-
coagulation technique in which the laser emission is
“chopped” in a train of short laser pulses whose “ON”
time and inter-pulse “OFF” time are adjustable by the
surgeon to control both the intensity and the spread of the
heat induced at the absorbing chromophores. This fine
control of laser photothermal effects may be of limited
value for treatments seeking a visible burn endpoint, but it
is very important to safely and consistently perform
effective retina-sparing treatments with no intraoperative
visible endpoint and, in most cases, with no ophthalmo-
scopic or angiographic signs of laser lesions at any time
[42]. SDM photocoagulation in the treatment of CSC was
reported with encouraging results and lack of complications
by Bandello in 2003 (Micropulse diode laser treatment of
idiopatic central serous chorioretinopathy. A pilot study.
Invest Ophthal Vis Sci 44:ARVO E-Abstract 4858) and by
Lanzetta at the Macula Society 2004 annual meeting. Both
authors indicated that the lack of visible endpoint is
somehow challenging for the surgeon.

SDM photocoagulation of ICG-stained RPE cells at the
active leakage site is a protocol for the treatment of CSC
devised for the purpose of enhancing RPE-selectivity,
neurosensory retina sparing and of documenting the
otherwise invisible laser applications. The following tech-
nical considerations and theoretical advantages guided the
design of our protocol:

– ICG bound to plasma proteins has an absorption peak
at 805 to 810 nm, which perfectly matches the 810 nm
diode laser emission and enhances its selective absorp-
tion by ICG stained RPE cells [43].

– ICG dye accumulates at higher concentration at the
ALS (Fig. 4c,h) and enter more readily RPE cells with
damaged membrane as shown by a marked hyper-
fluorescence in in vitro experiments [44].

– The 810 nm laser is mostly absorbed by the melanin
and by the ICG dye in the RPE cells, and negligibly by
hemoglobin and other retinal chromophores. This
enhances the selectivity of induced photothermal
effects at the RPE, and minimizes the risk of thermalT
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Fig. 2 Colour fundus photograph and OCT scans of the seven
patients enrolled in the study: pre-treatment (left side) and at the last
12-month follow-up visit (right side)
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injury to the overlying neurosensory retina and blood
vessels [45].

– The use of repetitive micropulses at low-duty cycle and
repetition rate minimizes the axial thermal spread from
the RPE toward the adjacent structures [46]. The
relatively long laser applications (50 s) with fifty
sequential trains of micropulses with 500-ms duration
and 500-ms pause, is specifically intended to induce a
stronger thermo-tolerance and thermo-resistance to heat
damage of the neurosensory retina and to allow more
consistent and predictable sub-threshold treatments [47].

The rationale for applying a high number of repetitive
pulses is based on the N-1/4 law: “A train with N repetitive
pulses of duration t has the same effect as a single pulse
with the same duration t if each of the laser pulses has a
peak power that is only N-1/4 times the power of the single
pulse”. Thus, the higher is the number of pulses N, the
lower is the power (and thus the irradiance) that can be used
to reach the same effect. A train of 50 pulses has the same
effect as one single pulse with only 40% of the irradiance
per pulse. With 50 trains of 250 pulses, each application
site receives 12,500 pulses, and this permits the use of only
11% of the irradiance that would be needed if the same
effect were to be reached with a single pulse.

– Last, but not least, the dark spots resulting from the
quenching of ICG fluorescence, which are detected at

the post-treatment ICG angiography [27], provides the
angiographic documentation of the placement of the
subthreshold laser applications (Fig. 4f,i).

In this case series, both resolution and improvement of
leakage and fluid occurred after the subthreshold treatment,
with no intraoperative retina blanching and no signs of
laser-induced RPE alterations detectable on color fundus
photography or on fluorescein angiography at any time
postoperatively. The dark hypo-fluorescent spots on post-
operative IR-angiography without new ICG injection
provided the evidence of the laser placements. The absence
of retinal blanching confirms the ability of this treatment to
spare the neurosensory retina by axially confining the laser
photothermal effects at the RPE, as reported in experimental
works: (Chong LP, Kohen L, Kelsoe W, Donovan M, Buzawa
D (1992) Selective RPE damage by micro-pulse diode laser
photocoagulation. Invest Ophthalmol Vis Sci 33(suppl):722.
[Abstract 150]; Chong LP, Kohen L (1993) A retinal laser
which damages only the RPE: ultrastructural study. Invest
Ophthalmol Vis Sci 34(suppl):960. [Abstract 1270]).

The clinical resolution in the absence of detectable signs
of laser-induced lesions suggests that retinal damage is not

Fig. 3 Patient 1: Colour fundus photography (a) and FA showing the
active leakage sites before the treatment (b). ICGA without (further
dye injection) after the laser treatment: note the two dark spots at the
site of the laser treatments (c). Colour fundus photograph (d),

fluorangiography (e) and ICG angiography (f) 1 week after the
treatment: note the reduction of the retinal serous detachment and the
lack of any sign of the laser-induced scar

Fig. 4 Patients 4 and 7: fundus autofluorescence at HRA2 before (a,f)
and 2 weeks after the treatment (e,j). Active leaking sites at FA (b,g)
and at late-phase ICGA: note the hyperfluorescence due to higher dye
uptake by pathologic RPE (c,h). Hypofluorescent areas at late phase
ICGA (without further dye injection) at the treated leakage sites (d,i)

b
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a prerequisite to the successful treatment of CSC. The
mechanism of action of IGG-enhanced SDM photocoagu-
lation in chronic CSC is not clearly understood. Theoret-
ically, the clinical resolution could be the result of a cellular
cascade initiated by laser-induced sub-lethal cytotoxic
effects to the RPE cells. Photo-thermal and photo-dynamic
oxidative stress to the RPE cells could be the laser-induced
triggering factors [46]. With thermal lasers, the effect in
endogenous absorbing chromophores is normally photo-
thermal in nature. In this case, however, since the melanin-
laden RPE cells are also stained with ICG dye (which is an
absorbing chromophore, a fluorophore and a photosensitiz-
ing agent) the micropulse 810 nm laser applications can
produce concomitant ICG-enhanced photothermal effects
and photodynamic oxidative stress.

The potential of ICG as a photodynamic photosensitizer
has been investigated in different studies [48–52]. There-
fore, it is not unreasonable to postulate that the exposure to
micropulse 810 nm laser radiation of pathologic ICG-
stained RPE cells around the ALS produces an RPE-
selective combined photo-oxidative stress that activates a
cellular cascade, leading to the beneficial therapeutic effect
of the treatment.

This hypothesis is supported by a recent work demon-
strating that ICG light-induced decomposition significantly
reduced the viability of cultured RPE cells [53].

The pathogenesis of CSC and the mechanism of action
of laser photocoagulation are both poorly understood. Two
models have been proposed to explain the neuroepithelial
detachment in CSC:

– a primary defect of the RPE cells, resulting from
immune, neuro-endocrine, or infective processes,
which causes an inversion of transport polarity at the
active leakage site and the neuro-epithelial detachment
[54, 55].

– a secondary defect of the RPE cells [56, 57] due to
localized choroidal vascular changes which alter the
natural permeability of the choriocapillaries, leading to
leakage and pooling of fluid beneath the RPE cell layer
with stretching of the overlying RPE cells. This would
compromise the tight junctions, creating a focal defect
of the outer blood retinal barrier (BRB), which
constitutes the active leakage site that allows the fluid
to enter the subretinal space.

The mechanism of action of SDM photocoagulation over
ICG-laden RPE cells could be theoretically explained as a
combined thermal and chemical photo-oxidative stress,
selective to the targeted RPE cells, which would trigger in

response a cellular cascade capable of inducing renovation of
pathologic cells in the RPE without causing damage to the
neighboring retinal layers. New RPE cells with healthy tight
junctions would close the leakage site, restore the integrity of
the outer BRB [58], and prompt the resorption of fluid and
the resolution of the neuro-epithelial detachment.

Conclusions

These preliminary results suggest that ICG-enhanced
subthreshold diode-laser micropulse (SMD) photocoagula-
tion can be a safe and reasonable approach for the
management of chronic CSC with persistent serous neuro-
epithelial detachment.

Despite the several limitations of this report, the absence
of complications suggests that ICG-enhanced SDM photo-
coagulation could be considered for the earlier treatment of
RPE-related macular disorders that normally respond to
conventional thermal laser photocoagulation, and that could
benefit from a less damaging and more RPE-selective
subthreshold treatment protocol [59–60]. ICG angiography
taken after the treatment without new dye injection allows
checking and documenting the actual placement of the sub-
visible-threshold laser applications.
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