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ABSTRACT

Micropulse laser treatment is an alternative to
the conventional continuous-wave laser for the
treatment of retinal or macular diseases. In
contrast to the conventional laser, the thera-
peutic effect of the subthreshold micropulse
laser is not accompanied by thermal retinal
damage. This fact is of particular importance
when a treatment near the fovea is required.
Micropulse treatment is applied in indications
such as central serous chorioretinopathy (CSC),
diabetic macular edema (DME), or macular
edema due to retinal vein occlusion (RVO). This
review outlines and discusses the published lit-
erature of subthreshold micropulse laser treat-
ment for CSC, DME, and macular edema after
RVO.
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INTRODUCTION

Traditional laser photocoagulation has been
used to treat different retinal diseases for many
years [1-5]. Here, the endpoint is a visible
whitening of the retina due to thermal damage
of the retinal pigment epithelium (RPE) and the
inner retina. However, apart from the favored
therapeutic effect, the treatment can lead to
undesirable side effects like visual field defects,
epiretinal fibrosis, and choroidal neovascular-
ization (CNV) in the area of the laser scar [6-10].
The mechanisms which are responsible for the
therapeutic effect are still poorly understood.
Scarring seems not to be necessary to achieve
a therapeutic effect. It might be the stimulation
of the RPE alone and not the destroying of the
photoreceptors that is needed to reach a thera-
peutic effect of laser photocoagulation [11]. The
laser energy stimulates the RPE, which leads to
repair of the inner blood retinal barrier [12]. A
modification of the gene expression initiated by
the wound healing response after laser photo-
coagulation could be responsible for the bene-
ficial effect of laser photocoagulation.
Sublethally injured RPE cells induce an up- and
downregulation of various factors [pigment
epithelium-derived factor (PEDF), wvascular
endothelial growth factor (VEGF) inhibitors,
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VEGF inducers, permeability factors, etc.] which
restores the pathologic imbalance. RPE cells
destroyed by thermal heat are not capable of
inducing this biologic activity [13, 14]. Inagaki
et al. [15] showed that sublethal photothermal
stimulation with a micropulse laser induces
heat shock protein expression in RPE cells
without cellular damage in a model of human
RPE.

In subthreshold micropulse laser (SML), dif-
fusion of heat to surrounding tissues is mini-
mized and thereby scarring is prevented.

The neural retina can be spared by applying
the minimum laser irradiance (watts per square
meter) needed to raise the temperature of the
RPE, but without exceeding the protein denat-
uration threshold. This leads to the required
activation of the RPE cells, but the thermal wave
will only reach the neural retina at temperatures
beneath the protein denaturation threshold.
Since the RPE and the neural retina are close
together, the laser pulse has to be in the
microsecond range and not in the millisecond
range like the traditionally used supra threshold
laser. For safety reasons it is not possible to
deliver the required energy in one short enough
laser pulse. A single laser pulse would require so
much energy that there would be a high risk of
bubble formation and micro-explosions,
accompanied by retinal hemorrhages [16].
Those side effects can be avoided by using a
repetitive series of very short pulses with low
energy instead of a continuous-wave laser pulse
[17-19].

The micropulse operating mode and termi-
nology were described by Dorin [20]. In the
traditional continuous-wave mode, a single
laser pulse of 0.1-0.5 s delivers the preset laser
energy. In the micropulse mode, a train of
repetitive short laser pulses delivers the laser
energy within an “envelope” whose width is
typically 0.1-0.5s. The normal length of each
pulse is 100-300 ps. The “envelope” includes
“ON” time, which is the duration of each
micropulse, and “OFF” time, which is the time
between the micropulses. The “OFF” time is
important since here the originated heat can
cool down. The sum of the “ON” and “OFF”
times is the period T and its reciprocal 1/T is the
frequency (pulses per second) f in hertz (Hz).

The duty cycle in percent is the ratio between
“ON” time and the period T.

DIFFERENT LASERS AVAILABLE
WITH MICROPULSE MODE

810-nm Diode Laser

The commercially available diode lasers emit at
a wavelength of 810nm, which is in the
near-infrared range of the spectrum. A feature of
the 810-nm wavelength is its deep penetration
into the choroid, but it is not clear if this
characteristic is relevant in micropulse treat-
ment. For all indications requiring a treatment
near the foveal avascular zone, the 810-nm laser
has the advantage that the laser energy will
relatively spare the inner neurosensory retina
and affect mainly the deeper layers [21-24]. The
deep penetration is a possible benefit especially
for central serous chorioretinopathy (CSC) since
the choroid may play a role in the pathogenesis
of CSC. A potential disadvantage of the 810-nm
laser is a possible sensation of pain during
treatment with a diode laser [24, 25], although
this is a rare problem in the micropulse mode.

577-nm Yellow Laser

Another laser type which is available for
micropulse treatment is the 577-nm yellow
laser. The yellow laser has the advantage that
xanthophyll, the pigment which is located in
the inner and outer plexiform layers of the
macula, absorbs the yellow light only mini-
mally so treatment near the fovea is relatively
safe [26].

APPLICATIONS
FOR SUBTHRESHOLD MICROPULSE
LASERS

In this article we will review the applications for
micropulse laser in macular diseases, namely
CSC, diabetic macular edema (DME), and reti-
nal vein occlusion (RVO). We will give an
overview of the available literature and outline

I\ Adis



1530

Adv Ther (2017) 34:1528-1555

the current evidence for micropulse laser treat-
ment in each field.

The literature search was performed in Eng-
lish language in the PubMed database. We used
pairings of the terms “micropulse”, “laser”,
“subthreshold”, and “central serous chori-
oretinopathy”, “chorioretinopathy”, “central
serous retinopathy”, or “diabetic macular
edema”, “macular edema” and “retinal vein
occlusion”, “branch retinal vein occlusion”,
“central retinal vein occlusion”. Additionally,
the references of the resultant articles were
checked for publications missing in the primary
search. Until February 2017 we found 18 articles
[27-44] concerning micropulse laser in CSC; no
articles were excluded and all articles are listed
in Table 1. As a result of the high number of
publications related to DME and micropulse
treatment, we only listed the 11 prospective
studies [45-55] in Table 2. We found four stud-
ies [56-59] investigating micropulse laser for
RVO, which are all listed in Table 3.

As a result of different study designs, uneven
inclusion and exclusion criteria, different laser
types, treatment parameters, and various out-
come measures, a direct comparison of the
studies is limited. We looked for similarities
referring to the outcome measures for making
comprehensive conclusions regarding the
treatment outcome. In Tables 1, 2, and 3, all
studies are listed, but individual studies were
excluded from the calculations as a result of
missing information or prior treatment. The
studies had a high variety regarding the fol-
low-up visits. If available, after calculation of
the decrease in central retinal thickness (CRT)
in optical coherence tomography (OCT) in all
individual studies, a weighted average value was
calculated on the basis of the number of
patients in each study. The best corrected visual
acuity (BCVA) was not consistently presented in
the different studies. To compare the BCVA, we
converted all visual acuity data to Early Treat-
ment Diabetic Retinopathy Study (ETDRS) let-
ters equivalent wusing the formula ETDRS
letters = 85 + 50 x log (Snellen fraction) [60]. If
a large enough number of studies provided
information about a control group, we addi-
tionally analyzed the control group regarding
CRT, BCVA, and treatment outcome.

This article was based on previously con-
ducted studies and did not involve any new
studies of human or animal subjects performed
by any of the authors.

CENTRAL SEROUS
CHORIORETINOPATHY (CSC)

In CSC a serous detachment of the neurosensory
retina leads to decreased vision [61]. The acute
form of CSC is often self-limiting so that treat-
ment is not always necessary. But some patients
develop the chronic form of CSC with impending
permanent structural damage and vision loss
[62-64]. For patients with extrafoveal leakage, a
continuous-wave laser photocoagulation is a
treatment option. Studies showed an accelera-
tion of subretinal fluid (SRF) resolution but no
change in final visual acuity or recurrence rate
after conventional laser. Furthermore, adverse
events like CNV, scotomas, enlargement of the
laser spot, and reduction of contrast sensitivity
can occur [3, 62, 65-67]. Another treatment
option is photodynamic therapy (PDT) which is
used also in juxtafoveal or subfoveal leakage. But
even with reduced treatment settings, compli-
cations like RPE atrophy, choroidal hypoperfu-
sion, transient reduction of macular function,
and CNV can occur [68-71].

Bandello et al. [72] presented the first pilot
study investigating SML treatment for CSC in
2003. They reported a high treatment success
with complete resorption of SRF in five out of five
eyes within 1 month and no recurrence of SRF
during follow-up of 2-6 month after non-visible
subthreshold micropulse diode laser (810 nm)
treatment. No evidence of RPE or retinal changes
was discernible at fluorescein angiography (FA)
or fundus biomicroscopy after laser treatment.

Table 1 shows all identified studies investi-
gating micropulse laser treatment for CSC. In
Table 4, the treatment outcome after SML, PDT,
and observation for CSC is presented.

Treatment Response

Most studies defined a treatment response as a
reduction in CRT measured in spectral domain
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Table 3 Overview of the studies investigating subthreshold micropulse laser treatment for macular edema after branch

retinal vein occlusion

Authors Year Eyes Inclusion criteria Laser type and Study design
parameters
Parodi 2015 35 eyes ME to due BRVO Iris Medical Prospective, randomized,
et al. Group 1: CFT > 250 um OcuLight SLX interventional
56
[5¢] SML: » =18 Without 810 nm, @ 125 pum, 15%
Group 2: non—perfusion >5 DC, 0.3 s, power:
disc areas titration
IVT
All eyes were previously
Bevacizumab .
treated with
(PRN after 3 conventional grid laser
initial injections)
n=17
Inagaki 2014 32 eyes ME due to BRVO Iris Medical Retrospective, single-center,
et al. Group 1: (ischemic/ OcuLight SLX nonrandomized,
[57] non-ischemic) interventional case series
BCVA <20/40 810 nm, @ 200 pm, 15%
W15 CRT <600 pm DC, 02 or 035,
G 5 No prior macular Power:
roup 2:
p therapy (LC, IVT CtC.) 750_1500 mW (90%)
BCVA >20/40 within last 6 months for 0.2 s or
n=17 360-2000 mW (60%)
for 0.3 s
Parodi 2008 24 eyes ME due to BRVO Iris Medical Prospective randomized pilot
et al. Group 1: CRT >212 pm OcuLight SLX, clinical erial
58
58] SML only No prior laser 810 nm
n=13 treatment @ 125 pm
Group 2: Without 15% DC, 03s
non-perfusion >5 disc
SML + IVT P Power: titration
Triamcinolone areas
n=11
Parodi 2006 36 eyes ME due to BRVO Iris Medical Prospective, randomized
et al. Group 1: CRT >210 pm OcuLight SLX 810 nm clinical trial
59
[59] SML grid No prior laser @ 125 pum, 10% DC,
w=17 treatment 0.2's, power: titration
Group 2: Without non-perfusion Novus Omni Krypton

>5 disc areas

Krypton grid
n=19

© 100 pm, 0.1's
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Table 3 continued

Authors FU Central retinal thickness Best corrected visual acuity ~ Safety Additional
(months) treatments
Parodi et al. 12 SML group (CFT): SML group: No laser  Not mentioned
[56] BL: 485.5 pim BL: 0.92 logMAR scars
3 months: 472.0 um 3 months: 0.89 logMAR
6 months: 475.0 um 6 months: 0.89 logMAR
9 months: 475.0 um 9 months: 0.94 logMAR
12 months: 445.0 pm 12 months: 0.99 logMAR
IVT group (CFT): IVT group:
BL: 484.2 pum BL: 0.94 logMAR
3 months: 305.0 um 3 months: 0.88 logMAR
6 months: 266.0 um 6 months: 0.88 logMAR
9 months: 265.0 im 9 months: 0.85 logMAR
12 months: 271.0 pm 12 months: 0.72 logMAR
IVT group significantly better  IVT group significantly better
(» = 0.001) (» = 0.0085)
Inagaki et al. 12 Group 1: (BCVA <20/40 Group 1: (BCVA < 20/40 No laser  Group I:
(57] Snellen) Snellen) scars n=8 (53.3%)
BL: 409.3 pm BL: 0.59 logMAR Group 2:

1 month: 394.3 pm
3 months: 371.3 pm
6 months: 313.5 um
12 months: 303.5 pm

Group 2: (BCVA >20/40
Snellen)

BL : 373.3 um

1 month: 353.5 pm
3 months: 313.1 um
6 months: 294.1 pm
12 months: 320.1 pm

Significant CRT decrease at 3,
6,

and 12 months for both
groups. No

significant difference between

the

groups at any time point

1 month: 0.54 logMAR
3 months: 0.54 logMAR
6 months: 0.58 logMAR
12 months: 0.51 logMAR

Group 2: (BCVA >20/40
Snellen)

BL: 0.13 logMAR

1 month: 0.09 logMAR
3 months: 0.13 logMAR
6 months: 0.09 logMAR
12 months: 0.12 logMAR

n=73 (17.6%)
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Table 3 continued

Authors FU Central retinal thickness Best corrected visual acuity Safety  Additional
(months) treatments
Parodi 12 SML only: SML only: No Not
E;;‘]I BL: 429 pim BL: 0.76 logMAR SL;S:: mentioned
3 months: 364 um 3 month: 0.78 logMAR
6 months: 320 um 6 months: 0.78 logMAR
9 months: 290 pum 9 months: 0.73 logMAR
12 months: 278 um 12 months: 0.65 logMAR
SML + IVT (triamcinolone): SML + IVT (triamcinolone):
BL: 476 um BL: 0.67 logMAR
3 months: 269 um 3 months: 0.50 logMAR
6 months: 276 um 6 months: 0.45 logMAR
9 months: 260 pm 9 months: 0.36 logMAR
12 months: 283 pum 12 months: 0.35 logMAR
Combined SML + IVT showed Combined SML + IVT showed
better response at 3 months significant better response at 9th
(p <0.001). No difference and 12th months (p < 0.009,
between groups from 9th month p = 0.011, respectively)
on
Parodi 24 SML grid: SML grid: No Not
‘E;;]l BL: 480 pim BL: 0.70 logMAR iii‘“vr‘; mentioned
6 months: 457 um 6 months: 0.70 logMAR after
12 months: 217 pum 9 months: 0.55 logMAR SML

18 months: 215 pm
24 months: 208 pm
Krypton grid:

BL: 454 pm

6 months: 252 um
12 months: 226 pm
18 months: 229 pm
24 months: 217 pm

Krypton showed better response at
3 months and 6 months
(p <0.001). SML showed better
response from 12th month on
(p < 0.001)

12 months: 0.51 logMAR
24 months: 0.49 logMAR
Krypton grid:

BL: 0.69 logMAR

6 months: 0.60 logMAR

9 months: 0.58 logMAR

12 months 0.57 logMAR
24 m: 0.56 logMAR

No statistical difference between

groups

BRVO branch retinal vein occlusion, BL baseline, CFT central foveal thickness, CRT central retinal thickness, DC duty
cycle, FA fluorescein angiography, 77T intravitreal drug therapy, logMAR logarithm of the minimum angle of resolution,
ME macular edema, PRN pro re nata, SML subthreshold micropulse laser
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Table 4 Treatment outcome after SML, PDT, observation and conventional laser for CSC, DME, and BRVO

Treatment Change in CRT (pm) Change in BCVA (ETDRS letters)
CSC SML —131 (range —69.7 to —204)* 6.34 (range —15 to 20)
PDT —85 (range —76 to —109.8)" 3.87 (range 2 to 8.5)°
Observation —25 (range 26 to —89)° 0.67 (range —2.1 to 2.5)°
DME SML —749 (range —138 to 48)° 1.26 (range —6.6 to 19)°
Conventional laser —43.6 (range —145 to 28.7)° —0.29 (range —7.3 to 7.5)°
BRVO SML —122.59 (range —272 to —40.5)® 2.98 (range —3.5 to 9.5)8

CSC central serous chorioretinopathy, DME diabetic macular edema, BRVO branch retinal vein occlusion, BCVA best
corrected visual acuity, CRT central retinal thickness, ETDRS Early Treatment Diabetic Retinopathy Study Group letters,
PDT photodynamic therapy, SML subthreshold micropulse laser

* 199 patients from 11 studies, 7 studies excluded from the calculations, one due to prior PDT treatment [37], six due to

absence of information about the CRT
> 100 patients from 3 studies
© 49 patients from 3 studies

4216 patients from 14 studies, two studies excluded due to prior PDT [37, 41], two due to absence of information about

the concrete BCVA [28, 31]
€ 613 patients from 11 studies
€ 195 patients from 7 studies

80 patients from 3 studies, one study excluded from the calculation due to prior conventional laser treatment [56]

OCT (SDOCT). A complete resolution of SRF in
SDOCT was defined as a complete treatment
response. Two studies measured the leakage
activity in FA as a parameter for treatment
response [32, 35]. For simplicity reasons we do
not distinguish between the different defini-
tions for treatment response in our calculations.
Few studies did not mention the amount of
patients with treatment response. If we were
able to work out the treatment response from
the data shown in the paper, we quote the
response; otherwise the studies were excluded
from the calculations [33, 38]. One case report
was excluded from the calculation because of
prior bevacizumab treatment [39], and two
studies were excluded since they included
patients with prior PDT [37, 41]. Few studies
mentioned only the response or the complete
response, and those studies were included in the
calculations.

We included 191 patients from 12 studies for
the calculations of the treatment response and
176 patients from 11 studies for the complete
response. A total of 156 (79.6%) of the 191
patients showed a treatment response at the last

mentioned follow-up: 112 (63.6%) of the 176
patients had a complete resolution of SRF. Only
two studies showed data concerning the
improvement rate in an untreated control
group: a complete resolution of SRF was seen in
2 (8%) out of 26 eyes at the last follow-up and a
reduction in SRF in 7 (39%) out of 18 eyes.

Four studies had a control group consisting
of patients receiving PDT treatment (half dose
PDT in three studies and half fluence PDT in
one). The treatment response could be calcu-
lated from 100 patients in three studies and the
complete treatment response from 135 patients
in three studies. A total of 64 (64%) of the 100
patients responded to PDT and 62 (46%) of 135
patients showed complete response.

Safety

The majority of studies described no visible
retinal changes after the micropulse laser treat-
ment. In six patients from two studies [30, 39]
pigmentary changes at the level of the RPE were
seen after SML but without any visual implica-
tions for the patients. Complications like scar
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formation, visible laser burns, or CNV did not
occur.

DIABETIC MACULAR EDEMA (DME)

DME is a frequent complication of diabetic
retinopathy (DR) and the most common cause
of visual impairment in patients with DR [3].
Since the ETDRS trial [1, 73] showed that laser
photocoagulation reduced the risk of moderate
visual loss by 50% in eyes with clinically sig-
nificant macular edema, laser photocoagulation
became the standard therapy for DME for many
years. Depending on the kind of edema, the
treatment pattern can be selected: a focal pho-
tocoagulation for localized areas of leakage and
a grid pattern for a diffuse macular edema.
Continuous-wave photocoagulation comes
with potential side effects like epiretinal fibro-
sis, CNV, and enlargement of laser scars
[7, 8, 74]. Table 3 shows only the prospective
studies investigating micropulse laser treatment
for diabetic macular edema. A total of 613
patients from 11 studies were included in the
calculations. The inclusion and exclusion crite-
ria varied between studies; some did not allow
prior treatment at all, most of them only
excluded patients with treatment in the prior
3-6 months. All listed studies were included in
the calculations for change in CRT and BCVA.
Seven studies had a control group consisting of
195 patients treated with conventional laser.
The same calculations were performed for those
studies.

Table 4 displays the treatment outcome after
SML and conventional laser for DME.

Safety

In the majority of studies no laser scars occurred
after SML. Four studies reported scar formation
or pigmentary changes in a small amount of
eyes after SML treatment [48, 50, 51, 54]. Reti-
nal changes were only observed in eyes treated
with duty cycles of 15%; lower duty cycles did
not lead to scar formation in the listed studies.

Venkatesh [49] et al. reported focal void
regions in multifocal electroretinogram in 4 out
of 23 eyes after SML treatment with 10% duty

cycle compared to 18 out of 23 eyes after con-
ventional laser.

MACULAR EDEMA DUE TO RETINAL
VEIN OCCLUSION (RVO)

Macular edema is a common complication of
branch RVO (BRVO) [75]. Grid laser photoco-
agulation reduces the visual acuity loss after
BRVO with macular edema [75]. Parodi et al.
[59] reported a similar outcome in visual acuity
improvement and resolution of macular edema
after SML treatment compared to conventional
laser, but without retinal changes after SML.
Table 3 summarizes studies investigating SML
treatment for macular edema after BRVO. In
total 80 patients from three studies could be
included in the calculations, and one study was
excluded because of prior conventional laser
treatment [56]. As a result of the small number
of studies and the variety in control groups
(bevacizumab, SML + triamcinolone, conven-
tional laser), the control groups were not sepa-
rately analyzed. Only one study [48] had a
control group where patients were treated with
anti-VEGF agents, the current standard therapy
for macular edema due to BRVO.

Table 4 presents the treatment outcome after
SML for macular edema after BRVO.

Safety

No study described complications like scar for-
mation, visible laser burns, or CNV.

PROBLEMS AND CHALLENGES
OF SML TREATMENT

Although the majority of the studies showed
some efficacy of the SML treatment for CSC,
DME, or BRVO, the treatment parameter dif-
fered significantly between the individual
studies. No study compared the outcome of
SML with different treatment parameters like
higher or lower duty cycle. Concerning the
treatment power, most authors titrated the
power individually for each patient, but the
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path was not consistent. The titration is proba-
bly the most challenging part of the SML
treatment. Since the laser surgeon did not see
an effect of the treatment, there is a high risk of
undertreatment and treatment failure accord-
ingly. A solution to this problem could be to use
fixed laser parameters with the same power for
all patients. But so far there is not enough
published data to choose the best treatment
power and to evaluate the safety and the treat-
ment success of subthreshold micropulse treat-
ment with fixed parameters. For the future,
controlled trials comparing treatment outcome
and safety of individual titrated SML treatment
and SML treatment with fixed parameters
would be desirable. Those studies should
include safety follow-up with multimodal
imaging including autofluorescence, OCT, and
fundus photographies as well functional fol-
low-up with microperimetry or multifocal
electroretinogram.

CONCLUSION

For CSC, the presented studies showed a higher
efficacy of the micropulse laser treatment for
both morphology and visual function in com-
parison to no treatment or PDT. The decrease in
CRT was highest after SML (—131 pm), followed
by PDT (—85 pm) and the no-treatment group
(=25 pm). Moreover, 64% of patients showed
no SRF after SML compared to 46% after PDT
and 8% after observation.

No study reported any complications after
up to five SML treatment sessions, so even an
early treatment could be considered for poten-
tially better results. Chen et al. [29] showed that
the SML treatment outcome was best in patients
with source leakage without RPE atrophy. The
investigated literature did not allow an evalua-
tion of the best treatment parameter or the best
laser wavelength.

Regarding the treatment of DME, the inves-
tigated studies showed efficacy also in mor-
phology and function. The decrease in CRT and
increase in BCVA after SML (-74.9 pm and
+1.26 ETDRS letters) was better than after con-
ventional laser (—43.6 um and —0.29 ETDRS
letters), but no study had a control group in

which patients were treated with anti-VEGF
agents. After the RISE and RIDE studies [76] and
the approval of ranibizumab for the treatment
of DME, anti-VEGF agents became the standard
treatment for DME. Without any trial, com-
paring SML treatment with anti-VEGF agents,
we do not know when SML treatment could be
an alternative first-line treatment for DME.
Nevertheless, SML might be an option in
patients not responding sufficiently to, or who
are not able to follow an anti-VEGF therapy
(e.g., high costs, compliance problems due to
frequent visits for the injections and ophthal-
mological controls). Chen et al. [77] had come
to a similar result in their meta-analysis of ran-
domized controlled trials comparing sub-
threshold micropulse diode laser
photocoagulation and conventional laser. They
reported a significantly better visual acuity and
a similar decrease in CRT after SML compared to
conventional laser. They underline the advan-
tage of the SML treatment in terms of the
affordability compared to the cost-intensive
anti-VEGF therapy.

On the subject of macular edema after BRVO,
SML treatment shows some efficacy as well. But
in comparison to the current standard treatment,
intravitreal anti-VEGF, SML was inferior to
intravitreal bevacizumab [56]. However, similar
to DME, SML treatment could be an option for
adjunct treatment for selected patients.

In summary, in all three indications micro-
pulse laser is an efficacious and safe treatment
option. Owing to its higher efficacy and the
excellent safety profile compared to PDT, it
could become the first-line therapy in CSC,
potentially even in acute cases.
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