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30.1 Introduction

For most of the modern history of ophthalmol-
ogy, laser treatment has been the primary treat-
ment for macular disease [1]. Until the relatively
recent advent of vascular endothelial growth fac-
tor (VEGF) inhibitors, ablative photocoagulation
was the only treatment option for most eyes with
choroidal neovascularization (CNV) [1-4]. Due
to the risks of treatment-associated visual loss,
location, and often poor definition of macular
neovascular lesions, few patients with macular
CNV were candidates for treatment. Of those,
fewer still enjoyed any long-term treatment ben-
efits [5].

While anti-VEGF medications have revolu-
tionized the treatment of CNV, both due to their
effectiveness and minimal risks of treatment-
associated visual loss, other than Age-Related
Eye Disease Study (AREDS) vitamin supple-
ments, there remains no effective treatment,
pharmacologic or otherwise, to prevent macular
CNV [6, 7]. The history of macular laser treat-
ment to prevent CNV is as long and as disap-
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pointing as the treatment of CNV itself. Recent
studies indicate a change in this regard [8—11].
Spurred by a new understanding of retinal laser
treatment, new information from both the labora-
tory and clinic suggests that laser for prevention
of CNV should be effective, and is [11]. To
understand the past failure, and future promise,
of laser treatment to prevent CNV it is essential
to understand exactly what is meant by “laser”
treatment, and all that follows from it [8]. Our
discussion of laser CNV prevention will focus on
CNV complicating age-related macular degener-
ation (AMD). This is for two reasons: first,
because AMD is the most important cause of
visual loss due to CNV; and second, because only
in AMD have notable efforts been made to pre-
vent CNV by any means, and in particular, with
laser [12, 13].

For over 50 years, photocoagulation was uni-
versally presumed to be the necessary and suffi-
cient cause of all therapeutic benefits of retina
laser treatment [14-16]. Low-intensity/high-
density subthreshold diode micropulse laser
(SDM) proved this presumption to be false by
demonstrating therapeutically effective treatment
in the total absence of laser-induced retinal dam-
age (LIRD) [17-21]. As a watershed develop-
ment in the history of retinal laser treatment, this
discovery led to two key advances in our under-
standing of retinal laser treatment. These bear
heavily on the following examination of the
potential for the laser to prevent CNV. First, as
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both unnecessary and the sole source of all risks,
adverse treatment effects, and treatment
limitations, we now understand photocoagulation
(for other than cautery) to be a complication of
retinal laser treatment. Second, abandonment of
photocoagulation as the necessary precondition
for therapy has led to, for the first time, a satisfy-
ing and useful understanding of the mechanism
of action of retinal laser treatment as a physio-
logic “reset” phenomenon [22, 23]. Unlike prior
unsuccessful attempts to explain the effects of
retinal laser arising from photocoagulation, reset
theory accounts for all clinically observed retinal
laser effects. Further, in a fundamental test of any
theory, reset theory has accurately predicted a
new retinal laser application never conceived of
in the photocoagulation era. These include rever-
sal of anti-VEGF drug tolerance in neovascular
AMD (NAMD); improved retinal and visual
function following panmacular laser treatment in
dry AMD, inherited retinopathies, and open-
angle glaucoma; and neuroprotective effects in
glaucomatous optic neuropathy [22-25].

Critical to a clear understanding of the retinal
laser literature is a clear understanding of various
retinal laser modes and their effects [8].
Complicating this task is historical imprecision
and frequent misuse, unintentional and other-
wise, of key clinical terminology that can obfus-
cate and mislead readers not keenly aware of
these issues. The history of laser prevention of
NAMD is particularly illustrative in this regard.
Essential differences in the conception, design,
expectations, claimed and actual effects of vari-
ous laser modes account for both the past failures
and future promise of retinal laser for the preven-
tion of CNV. To draw out the key distinctions, the
following discussion will divide the topic into
two main headings: Laser for drusen; and laser
not for drusen.

30.2 Laser for Drusen

As the hallmark of dry AMD, drusen are an
important risk factor for progression and visual
loss, particularly due to the development of CNV
and NAMD [25-30]. As such, drusen are a clini-

cally useful indicator of the degree of age-related
macular dysfunction. The risk of age-related
visual loss generally parallels the number, size,
and proximity of drusen to the fovea [25-30].
Thus, drusen reduction has been a natural target
for therapeutic intervention in dry AMD [31, 32].

Inflammatory disturbances of the macula in
eyes with drusen, such as the development of
CNYV, other exudations, and focal chorioretinitis,
including the iatrogenic chorioretinitis of macu-
lar photocoagulation, have long been noted to
result in local disappearance of drusen in and
around the inflammatory lesion [27, 30, 33, 34].
This suggested macular photocoagulation might
be used therapeutically to reduce drusen and the
risks of visual loss due to AMD [33, 35].

At the time of the first attempts to use photo-
coagulation to reduce drusen, the standard for
photocoagulation intensity was established by
the Early Treatment of Diabetic Retinopathy
Study (ETDRS) and Macular Photocoagulation
Study Group (MPSG) reports, which employed
intense suprathreshold treatment resulting in
clinically obvious white, full-thickness retinal
burns [36, 37]. Recognition that drusen occurred
at the level of the RPE suggested that less
intense and thus less obviously clinically visible
photocoagulation lesions (limited to the RPE
and outer retina, or “threshold” intensity),
barely visible, or even initially non-ophthalmo-
scopically “subthreshold” photocoagulation
lesions, might be effective and reduce adverse
treatment effects by reducing neurosensory reti-
nal damage [32]. These less-severe lower inten-
sity retinal burns were described, in comparison
to the starkly white ETDRS and MPSG lesions,
as “invisible” [38]. However, photocoagulation
lesions acutely invisible or difficult to see oph-
thalmoscopically are virtually always immedi-
ately visible by fundus fluorescein angiography
(FFA) and become clinically visible minutes to
weeks after treatment. The contrast in lesion
severity with conventional ETDRS and MPSG
suprathreshold photocoagulation, however, led
investigators to incorrectly assume a difference
in substance, rather than style. This was (1)
because LIRD was assumed to be essential to
the therapeutic benefits of retinal laser treatment
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in general, and drusen reduction in particular
could not be done without; and (2) over-estima-
tion of the risk and adverse effect reduction
associated with lower intensity retinal photoco-
agulation [31, 32, 35, 38].

The initial reports of macular laser treatment
to reduce drusen were positive and encouraging
[31, 32]. Treatment, directed at the drusen them-
selves, was effective in reducing drusen numbers
and density, and improving visual acuity [31, 32,
35, 38]. With time, however, treated eyes began
to demonstrate an increased propensity to develop
new CNYV thus converting to NAMD; worsening,
rather than improving, the long-term visual prog-
nosis [39-41]. Subsequent studies found that
eyes demonstrating both the greatest drusen
reduction and the greatest likelihood of CNV
were those receiving the most intense macular
photocoagulation [42, 43]. This realization
brought about the effective end of interest in con-
ventional (millisecond) continuous wave (CW)
laser treatment for drusen [44].

It was recognized that LIRD to retinal archi-
tecture, particularly the Bruch’s membrane/RPE
complex, was a likely key predisposing factor to
CNYV, but possibly not necessary to achieve effec-
tive drusen reduction [9]. What to do? By short-
ening laser pulse duration the thermal effects of
retinal laser treatment could be more selectively
concentrated in the RPE [45, 46]. Microsecond
CW exposures demonstrated the ability to selec-
tively damage the outer retina and the homoge-
neously pigmented RPE of animals in laboratory
studies [47-50]. Further shortening of the laser
pulse to the nanosecond range can result in selec-
tive heating of the RPE melanosomes themselves
[50]. However, shortening of pulse duration
results in narrowing of the therapeutic range
(TR), such that at nanosecond exposures, there is
no TR. Instead, the threshold for RPE cell death
is exceeded before the threshold for HSP activa-
tion (the cell dying before the HSPs can activate),
the prime mediator of therapeutic retinal laser
effects [8, 49]. In practice, this means that the
effect of nanosecond laser (NSL) exposure is
either no effect at all (below the TR threshold);
or—at minimum—photodisruptive killing of the
RPE by intracellular vaporization of RPE mela-

nosomes. In this volatile, literally explosive set-
ting, excess laser energy or RPE pigment density
will necessarily result in collateral damage
extending to the retina and Bruch’s membrane
[8]. Again, next to the severity of the suprathresh-
old full-thickness retinal burns from conventional
standard photocoagulation in the ETDRS and
MPSG reports, however, the LIRD resulting from
short-pulse CW lasers, generally confined to the
RPE and outer retina, still considered essential,
seemed also negligible in comparison. By confin-
ing LIRD to the RPE and outer retina, it was
hoped that drusen could be reduced without
incurring either neurosensory retinal damage or
increasing the risk of CNV, led to studies of both
microsecond and nanosecond lasers, more selec-
tive for the RPE, as preventative treatments for
AMD, and thus age-related CN'V.

In 1999, Roider and coworkers reported two
patients with soft drusen treated with
1.7-microsecond exposures of 527 nm laser with
identical treatment parameters (‘“‘selective retinal
laser therapy”, or SRT, Lutronic, Billerica MA,
USA), both clinically subthreshold, without visi-
ble laser spots at the time of treatment [51]. Both
produced LIRD visible by FFA. However, in one
eye the LIRD became visible clinically following
treatment. In this eye, the drusen disappeared. In
the other patient, no clinically visible LIRD
developed later and there was no drusen reduc-
tion. The authors duly note that these eyes dem-
onstrate the clinical variability of short pulse
laser effects, a clinical manifestation of the nar-
row CW laser TR.

As noted above, NSL takes the quest for selec-
tive RPE destruction a step further. By shortening
the pulse further, NSL maximizes the thermal
energy uptake to the RPE melanosomes them-
selves, causing explosive vaporization of the
melanosomes with internal cavitation of the RPE
causing cell death (2RT®; Ellex Pty Ltd., Adelaide,
Australia). In its idealized form, 2RT NSL seeks
to limit LIRD to selective killing of the RPE,
which they term “rejuvenation,” without causing
damage to adjacent structures such as photorecep-
tors and Bruch’s membrane. Pilot studies of NSL
demonstrated both drusen reduction and improve-
ment in visual acuity without a notable increase in
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CNV [9, 10]. At 24 months follow-up in a ran-
domized clinical trial of comparing NSL to sham
for dry AMD, the LEAD study found no overall
effect of treatment [52]. Subgroup analyses
showed drusen reduction in eyes with early, low-
risk AMD, without an increase in CNV incidence,
suggesting the success of the trial hypothesis.
However, the 2RT NSL treatment response in
eyes with high-risk AMD, those with the greatest
risk of visual loss and with thus the most to gain
from effective preventive treatment, was negative
[52]. In these eyes, often identified by the pres-
ence of reticular pseudodrusen (RPD), NSL
caused rapid progression of AMD and visual loss,
particularly due to the development and/or pro-
gression of geographic atrophy. Of note is that
LIRD was not considered an adverse treatment
effect in the LEAD study. This is despite the fact
that LEAD trial was performed to assess the effect
of “non-damaging” 2RT NSL in AMD, a stated
differentiator of the LEAD study from prior stud-
ies of laser for drusen (https://www.ellex.com/us/
products/2rt/). Unfortunately, no fundus images
accompanied the published report [52]. However,
in a meeting presentation of LEAD study results
by the investigators, all posttreatment fundus
photographs presented demonstrated laser dam-
age due to the NSL applications, clinically indis-
tinguishable from conventional CwW
photocoagulation lesions (Guymer R, Marshall J,
et al. The LEAD Study, presentation to the
European Society of Retina specialists, Sept. 22,
2018, Vienna, Austria). The LEAD study authors
did not explicitly correlate worsening of high-
risk AMD with LIRD, but concluded that 2RT
NSL was contraindicated in eyes with high-risk
AMD [52].

Despite disappointing results, the LEAD
study findings offer important insights. While it
supports the concept that LIRD is necessary for
drusen reduction (without establishing a benefit)
it also suggests that avoidance or minimization of
damage to Bruch’s membrane may reduce the
risk of CNV as an adverse treatment effect.
However, it also demonstrates that that NSL is
unreliable for this purpose, resulting in signifi-
cant collateral damage in many, if not most,
treated eyes leading to significant worsening of

high-risk eyes. As with other studies of laser for
drusen reduction, the LEAD study challenges the
presumption that drusen reduction is a desirable
end. Rather, the acceleration of visual loss due to
age-related geographic atrophy (ARGA) in the
LEAD study suggests 2RT appears to cause rapid
decompensation of the most vulnerable eyes with
high-risk AMD. This may be due to added physi-
ologic stresses associated with the inflammation
and healing response to the LIRD caused by NSL
in these already tenuous eyes. Transmacular
shock-waves produced by explosive photodisrup-
tion of the RPE, unique to NSL, may also con-
tribute to RPE decompensation as far as 2 mm
from an NLS application site (Chang DB, Luttrull
JK; unpublished data, March 2019). The worsen-
ing of AMD, and particularly the progression of
ARGA following laser for drusen in the LEAD
study is not entirely unexpected. In the Cochrane
meta-analysis of laser for drusen studies, Virgili
and associates noted that, while little information
could be gleaned from prior studies in this regard,
available data suggested that ARGA worsened
after laser for drusen [44]. In addition, a prospec-
tive clinical trial of microsecond SRT laser hop-
ing to slow ARGA progression was abandoned
early, due to the finding that treatment, designed
to produce LIRD at the margins of the ARGA
lesions, increased the rate of ARGA progression
by 50% compared to untreated controls [53].

In sum, efforts to reduce the risks of visual
loss in AMD with laser treatment have been
driven by the recognized necessity of LIRD to
achieve drusen reduction and the presumption of
a resulting benefit. The failure of these efforts
results from this very same LIRD, and casts
doubt on the presumption of benefits from drusen
reduction.

30.3 Laser Not for Drusen

The only treatment as yet proven to reduce the
risk of developing age-related CNV in a multi-
center prospective clinical trial is AREDS vita-
min  supplementation  [6].  Interestingly,
challenging the presumption of the need for dru-
sen reduction, the success of AREDS treatment
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was not associated with any notable treatment
effects on drusen or other morphologic features
of AMD. The treatment benefits were consistent
over time, reducing progression to advanced
AMD by about 4% per year over the course of the
study. Unlike short pulse lasers, the greatest ben-
efit from AREDS supplements was seen in eyes
at the greatest risk for visual loss [6]. As 90% of
eyes with advanced AMD have CNYV, it was a
reduction in new CNV that accounted for most of
the AREDS treatment benefits as the progression
of ARGA was not affected. Thus, it was nutri-
tionally derived improvement in retinal physiol-
ogy alone that accounted for the benefits of
AREDS study, and it did so, via CNV reduction,
without reducing drusen or effecting any other
alteration in macular anatomy [6].

All laser modes are capable of causing
LIRD. Some, like NSL, cause it necessarily. For
others, such as CW lasers, LIRD is prohibitively
difficult to avoid and still accomplish effective
treatment. Only a micropulsed laser (MPL) oper-
ated at a low duty-cycle (DC) can reliably and
predictably preclude LIRD while maintaining
therapeutic effectiveness [9]. The epitome of
low-DC MPL reliably sublethal to the RPE is
“low-intensity/high-density subthreshold diode
micropulse laser” (SDM). SDM both established
and defined the fundamental principles of mod-
ern retinal laser therapy. First; by employing a
low-DC (5%) 810 nm near-infrared laser, SDM is
reliably sublethal to the RPE (“low-intensity”),
which it selectively targets. Despite this safety, it
is an effective activator of RPE HSPs, the essen-
tial mediators of the therapeutic laser response.
Second; the therapeutic response is amplified,
maximized, and made clinically effective by con-
fluent and complete treatment aimed at recruiting
large areas of diseased retina (“high-density”) to
the normalizing process [9, 45, 46, 49, 50, 54,
55]. This is in contrast to the traditional focal or
local application strategy used in conventional
photocoagulation, which are abandoned in mod-
ern retinal laser therapy [37, 38]. Over time, the
SDM treatment paradigm has evolved to the
employment of just two treatment fields: “pan-
macular” treatment, consisting of confluent treat-
ment of the entire retina between the major

vascular arcades including the fovea; and “pan-
retinal” treatment, consisting of confluent and
complete treatment of all the retina outside the
major vascular arcades [11, 20, 22-25, 46, 56,
57]. Panmacular treatment is used for all treat-
ment indications. Panretinal treatment is added
for generalized retinopathies, such as diabetic
retinopathy or early retinitis pigmentosa, result-
ing in treatment of the entire retina, and thus all
of the retinopathy, just as would be treated by
medication (Figs. 30.1 and 30.4).

Initial studies of SDM demonstrated effective
treatment for complications of diabetic retinopa-
thy in the complete absence of LIRD [18-20, 46].
Like AREDS supplements, the absence of LIRD
with SDM indicates, by exclusion, that SDM
treatment benefits arise entirely from laser-
induced improvements in retinal physiology elic-
ited by sublethal thermal laser stimulation of the
RPE [58]. Whereas the TR of CW laser is only
10x ANSI MPE, the same ANSI data show the
TR of micropulse lasers, like SDM, to be much
wider, 100xMPE or more [47]. SDM is thus safe
and without any known adverse treatment effects
[45, 47, 58]. Because of the broad SDM TR,
treatment intensity need not be subjectively
titrated on a per eye basis (effectively turning
each treated eye into a dosimetry experiment), as
decades of clinical experience have identified
safe and effective SDM parameters that can be
used effectively in all eyes of all patients without
regard for pathology or pigment variation [8, 18—
20, 45, 47, 57, 58]. Employment of “fixed” SDM
laser parameters enhances treatment safety by
eliminating the possibility for surgeon misjudg-
ment, the most common cause of visual loss from
modern retinal laser treatment [8].

As noted, SDM led to a new understanding of
the therapeutic benefits of retinal laser treatment
stemming from a physiologic “reset” effect on
the RPE, normalizing retinal function largely
independent of the underlying cause of dysfunc-
tion [23-25]. Making no unique contribution to
treatment efficacy and solely responsible for all
risks, limitations, and adverse effects of retinal
laser treatment, photocoagulation, and all other
forms of LIRD are now considered necessary
complications of treatment [8, 21-24, 59].
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Fig. 30.1 Intravenous fundus fluorescein angiograms medical treatment for DR was used. Left photo, before
(FFA) of diabetic retinopathy (DR) following total retinal ~ treatment; right photo after treatment. Note reduction in
SDM laser (panmacular and panretinal) in three patients macro and microvascular leakage along with reversal/
(a), (b) and (¢). No VEGF inhibitors, steroids, or other  diminution of retinopathy severity in each case
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Fig.30.1 (continued)

Reset theory indicated that SDM should
improve retinal function not just in the conven-
tional retinal laser indications such as diabetic
macular edema, proliferative diabetic retinopa-
thy, central serous chorioretinopathy, and retina
vein occlusions; but in any chronic progressive
retinopathy (CPR) of any cause [23-25]. In short,
this is because all CRPs are neurodegenerations,
and thus share many key features that are
addressed by the reset effects of laser treatment
[23, 24, 54, 55]. By addressing those fundamen-
tal commonalities, the reset phenomenon acts as
a “non-specific trigger of disease-specific repair,”
improving both retinal and visual function in all
CPRs, including AMD [23, 24].

In a pilot study of a large cohort of 547 eyes of
363 patients with dry AMD, panmacular SDM
treatment was followed by a much lower than
expected rate of new CNV [11]. In the absence of
LIRD or any other adverse treatment effects, the
annual incidence of new CNV following pan-
macular SDM in dry AMD was 0.87%, compared
to 4% in the AREDS [6]. This 80% reduction in
expected CNV was noted despite significantly
higher risk factors for CNV in the panmacular
SDM-treated group compared to the AREDS,
particularly age (median 84 vs. 69 years) [6].
Adjusting only for the risk factor age, SDM
treated eyes had an incidence of new CNV

93-98% lower than expected compared to the
AREDS and other natural history studies of AMD
[6, 11]. In a subsequent study of 111 eyes of 70
patients with ARGA from the same dry AMD
cohort, SDM reduced the radial velocity of
ARGA progression 55% per year compared to
untreated controls (p = 0.0002) (pretreatment
observation period avg. 2.7 years, posttreatment
avg. 1.9 years) [56]. Echoing the AREDS, other
than reducing the incidence of new CNV and
slowing ARGA progression, panmacular SDM
prophylaxis of dry AMD was not associated with
any notable short-term effects on drusen or other
macular morphology [11, 56]. The findings of
these studies will inform the design of future con-
firmatory studies. However, the robust results of
these pilot studies of panmacular SDM for dry
AMD indicate that retinal laser treatment
designed to preclude, rather than cause, LIRD
may become an important tool in the prevention
of visual loss due to AMD and age-related CNV
in particular [11].

In sum, while retina-damaging laser increases
the risk of CNV, non-damaging laser sublethal to
RPE reduces that risk. While damaging laser
appears to cause rapid progression of high-risk
AMD; non-damaging laser, sublethal to the RPE,
appears to slow progression significantly. Thus,
contrary to traditional thinking (but as predicted
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Fig. 30.2 Pseudophakic cystoid macular edema (CME).
Unresponsive to combination of topical steroid and non-
steroidal anti-inflammatory drops for 1 year. Drops dis-
continued and panmacular SDM performed. (a) Infrared
(IR), (b) late phase FFA and (c¢) Spectral-domain optical

by reset theory) it is successful avoidance of LIRD,
and thus avoidance of drusen reduction, that
appears key to the success or failure of laser for
prevention of CNV in AMD. How do we account
for this? First, by understanding AMD as a chronic
progressive neurodegenerative disease; second, by
taking into account the effects of retinal laser on

coherence tomography (OCT) prior to treatment with
severe CME. Visual acuity (VA) 20/200. (d) IR and (e)
OCT 1 month following panmacular SDM. CME
resolved. VA 20/30

retinal integrity and RPE function; third, by recog-
nizing how the classical dynamics of wound repair
are engaged by treatment; and fourth, by under-
standing the ability of laser to modulate both acute
and chronic inflammation—one the healer, the
other the driver, of the chronic disease process
(Figs. 30.1, 30.2, 30.3, 30.4, 30.5).
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Fig.30.3 Sarcoid
uveitis with cystoid
macular edema. History
of severe steroid
response in the fellow
previously.
Unresponsive to
bevacizumab. Other
VEGEF inhibitors refused
by insurance. Top: Prior
to panmacular SDM
treatment VA 20/30.
Bottom, 1 month
following panmacular
SDM. VA 20/25

Fig.30.4 Idiopathic retinal vasculitis, optic neuritis, and ~ medical treatment given. Note the decrease in inflamma-
vitriitis. (a) FFA before treatment. (b) FFA 1 month fol- tory dye leakage from retinal vessels and optic nerve. VA
lowing total retinal SDM laser. No other local or systemic  prior to treatment 20/70; after, 20/50
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Fig.30.4 (continued)

Fig. 30.5

Bevacizumab- and
ranibizumab-resistant
serous macular
detachment associated
with diabetic macular
edema. No steroid
therapy was given. Top:
Before panmacular
SDM. VA 20/200.
Bottom: Three months
after panmacular

SDM. Note the decrease
in macular edema and
resolution of
inflammatory serous
macular detachment. VA
20/70

30.4 Dry AMD as a Model
of Chronic Disease

and Inflammaging

The association of aging with chronic inflamma-
tion, often referred to as “inflammaging,” is now
recognized as a significant component of virtu-

ally all chronic, age-related diseases, including

AMD [60]. Unlike acute inflammation,
inflammaging is low grade, chronic, persistent,
and self-perpetuating, and leads to tissue degen-
eration [61]. To understand the mechanisms by
which inflammaging is generated, we must first
understand the essential role of the immune sys-
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tem in the maintenance of normal tissue function
and homeostasis.

In healthy cells, there is constant surveillance
and repair to maintain normal cell function and
homeostasis [49, 62, 63]. However, in disease
intracellular abnormalities often either escape
repair and/or exceed the cell’s ability to manage
them successfully leading to a loss of normal
function that is generally characteristic of the pri-
mary underlying disease process. Further, both
normal and diseased tissues produce waste, or
“self-debris,” that includes damaged cells and
macromolecules. In disease, the accumulation of
this waste is excessive and thus progressive, ulti-
mately compromising tissue structure and func-
tion [60]. At the tissue level, the mechanism
employed to repair this damage and remove this
waste is inflammatory-mediated (inflammation
being a prerequisite of repair) and is dependent on
resident macrophages and mast cells [64]. With
aging this “housekeeping” function becomes less
efficient, due mainly to the combination of
increased generation of self-debris and inefficient
removal, requiring additional inflammatory input
to maintain the tissue in a physiologic (normal) or
near physiologic working state, a process that is
mediated but ultimately compromised by assem-
bly of the “inflammasome.” The inflammasome is
a multiprotein stimulus-dependent oligomer that
activates the inflammatory process by promoting
secretion of pro-inflammatory cytokines and
interleukins with dysregulation of inflamma-
somes being a feature of all chronic diseases [65].
This heightened inflammatory state, between
basal physiologic inflammation and pathologic
inflammation, is referred to as “para-inflamma-
tion” [64]. With further aging the inflammatory
stakes continue to rise, eventually escalating to
require mobilization of a systemic immune
response that includes the recruitment of addi-
tional leukocytes and expression of systemic pro-
inflammatory cytokines [66]. Thus, maintenance
of tissue homeostasis in the aging human requires
an increasing inflammatory response to address
increased reparative demands that eventually
moves beyond para-inflammation to a self-perpet-
uating and degenerative chronic inflammatory
state referred to as “inflammaging” [60, 66].

A classic example of a disease with self-debris
is AMD. In dry AMD, this debris is the pheno-
typic marker of disease and a clinically useful
biomarker of the heightened inflammatory state
within the retina, classically represented by dru-
sen. Ultrastructurally, this is reflected by priming
or activation of the NLRP3 inflammasome and
the specific proteins known to be associated with
inflammasome assembly [65]. Experimentally,
identified proteins include Clq complement
component in drusen extracts from AMD donor
tissue, carboxyethylpyrrole-adducted proteins
from the aging retina, and Alu RNA transcripts
from the RPE of patients with ARGA [67-71].
This inflammasome-mediated damage to the ret-
ina in AMD may be further aggravated by inflam-
matory pyroptotic and apoptotic effects resulting
from IL-1P and IL-18 expression [70]. In those
individuals who have the genetic risk variant for
complement factor H (CFH) or other comple-
ment risk variants, regulation of these factors is
abnormal and excessive quantities of inflamma-
tory complement components are generated and
deposited in the retina. Thus, the chronic inflam-
matory state we recognize as AMD is driven by a
number of factors, including complement dys-
function and inflammasome-mediated inflamma-
tion, with genetic and environmental (such as
smoking) modifiers [72-85].

30.5 Acute Inflammation—
Prelude to Repair

It is a basic tenet of biologic repair that an acute
inflammatory response is necessary to activate
the correct cascade of molecular events to gener-
ate successful and complete repair [81, 82]. In
contrast, the molecular signature of all acquired
age-related diseases, such as AMD, is the pres-
ence of chronic inflammation. Chronic inflam-
mation, by definition, indicates that normal repair
is not proceeding [61, 65, 81, 82, 86, 87].
Unimpeded, this can lead to tissue degeneration
and vision loss via the end-stage AMD pheno-
types we recognize clinically as ARGA and dis-
ciform scarring due to CNV. Thus, a desired goal
of any therapy would be to intervene preventa-
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tively, prior to anatomic derangement and visual
loss (end-stage disease markers), when the dis-
ease process is manifest only by the earliest
detectable physiologic dysfunction and most
amenable to repair [23]. If the chronic inflamma-
tory disease bed that is AMD could be converted
to an acute inflammatory lesion, would the result-
ing corrective molecular cascades allow for heal-
ing and repair sufficient to permit restoration and
normalization of retinal function?

30.6 Laser—Prelude to Acute
Inflammation

As discussed previously, clinical retinal laser
effects can be generally divided into two types:
damaging (lethal to at least the RPE) and non-
damaging (sublethal to the RPE). These divisions
reflect progression in our understanding of the
mechanism of retinal laser treatment. As dis-
cussed, while photocoagulation was once the goal
of retinal laser treatment, it is now clear that pho-
tocoagulation and indeed all forms and degrees of
LIRD are unnecessary and detrimental; complica-
tions of treatment rather than the necessary and
sufficient cause of therapeutic retinal laser effects.
Within the context of LIRD there is a spectrum of
damage that is also instructive. An extreme exam-
ple of LIRD is the inadvertent rupture of Bruch’s
membrane. This can be seen with excessively
intense photocoagulation, or even as the result of
micro- or nanosecond laser damage limited to the
outer retina, such as that reported in the LEAD
study [52]. Clinically acute rupture of Bruch’s
membrane is heralded by the instantly recogniz-
able audible “pop” and subretinal gas-bubble for-
mation, with the simultaneous localized
appearance of subretinal hemorrhage. Clinically
undesirable as promoting the development of
CNYV, this observation has led to the use of laser
rupture of Bruch’s membrane to experimentally
promote CNV animal models [88].

By any definition, whether clinically inadver-
tent or experimentally deliberate, laser-induced
rupture of Bruch’s membrane is a good example
of an acute, brief, and once-off traumatic event

that will result in activation of a classical tissue
repair response [89]. As an extreme example of
sorts, it also offers an important insight into the
prior failures of laser treatment associated with
LIRD to prevent CNV.

Classical tissue repair involves a sequence of
key interactions that can be divided into the three
overlapping phases of (1) inflammation, (2) tis-
sue formation, and (3) tissue remodeling; involv-
ing cells, cytokines, and the extracellular matrix
(ECM) [82, 90-92].

Ultimately, the degree of tissue remodeling
and resultant scar tissue deposition is directly
proportional to the severity of the initial injury:
the greater the injury, the greater the degree of
acute inflammation induced and the greater the
degree of irreversible tissue damage and scar
tissue formation. Scar tissue formation repre-
sents the restoration of tissue integrity, but
without restoration of normal tissue function.
Thus, we can ultimately say that, based on the
canons of wound healing, a therapeutically
ideal laser treatment causes acute injury with-
out structural damage. This in turn generates
the desirable endpoint of complete repair with-
out scar tissue formation, thus restoration and
normalization of tissue function. LIRD violates
this maxim.

This new understanding holds that any degree
of LIRD lethal to the target RPE is not only unde-
sirable but a complication counterproductive and
detrimental to the goal of therapeutically effec-
tive retinal laser treatment. “Non-damaging”
laser can thus only properly refer to the complete
absence of LIRD at the histopathologic level at
any point postoperatively, as the RPE is affected
but not killed by laser exposure. Functional retina
is lost, RPE cells, the mediators of laser response,
are destroyed rather than revitalized and the ther-
apeutic response thus diminished. Finally, as the
previously discussed clinical studies illustrate,
violation of tissue integrity, no matter how small,
can “light the fuse” for the eventual development
of CNV by promoting angiogenesis and/or com-
promising the natural barrier to vascularization
presented by the healthy and intact RPE/Bruch’s
membrane complex [39-42, 44].
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30.7 Laser: Mechanism of Action

As stated, laser efficacy derives from its ability to
generate a sublethal injury to the RPE leading to
repair [8]. At the cellular level, this results in nor-
malization of RPE function, or “homeotrophy.”
By improving RPE function, retinal function and
autoregulation are improved via normalized
expression of, and response to, RPE-derived fac-
tors such as cytokines and interleukins.
Photoreceptor toiletry and waste processing are
improved and thus debris accumulation dimin-
ished [26, 29, 30, 33-35, 93-96]. At the tissue
level, this leads to improved retinal and visual
function via activation of reparative laser-induced
acute inflammation which is inherently antago-
nistic to disease-driving chronic inflammation.
Therefore, for the laser to be therapeutically
effective, it must cause an acute, brief, and once-
off “injury” to the RPE to activate tissue repair
and to be maximally beneficial, the laser must be
“tissue-sparing” and thus sublethal to the
RPE. MPL such as panmacular SDM stands
alone in its ability to predictably and reliably ful-
fil both criteria [8]. So, in the absence of LIRD,
how does laser work to elicit retinal repair and
functional restoration?

Heat shock proteins (HSPs) are a family of
proteins that are constitutively expressed in all
cells, having critical roles in maintaining homeo-
stasis and normal cell function, but, as noted
above, are also significantly upregulated in
response to acute insults, such as heat and oxida-
tive stress, perceived by the cell to be existential
threats [97]. HSPs are typically grouped into dif-
ferent subfamilies according to their molecular
weights in kilo Daltons (hsp100, hsp90, hsp70,
hsp60, hsp40, and small HSPs (sHSP), which
includes a-crystallins). Each has a particular role.
The hsp 70 family is of particular relevance to the
current discussion [98]. HSP activation is espe-
cially sensitive to the acuity and severity of a cel-
lular threat. Thus, the insidiously progressive
dysfunctions of chronic disease are poor triggers
of HSP-mediated repair [18, 22, 23, 49, 57, 58,
62, 63]. In chronic disease, the homeostatic func-
tions of HSPs may become taxed to the point of
failure, leading to failure of the HSP system itself

and further accumulation of damage, debris,
chronic inflammation, cell death, and tissue fail-
ure [49, 99-103].

As noted above, thermal laser exposure is an
effective trigger of HSP activation [49, 97, 104].
The attributes of SDM which are ideal in this
regard arise from the facility of SDM to control-
lably photocoagulate only a small fraction of
intracellular proteins sufficient to activate HSP-
mediated cellular repair, but insufficient to cause
cell death [8, 105]. Most importantly, this laser-
induced HSP activation response (salvific and
homeotrophic, rather than baseline and homeo-
static) results in the repair of not only the acute
laser-induced damage but also proceeds to indis-
criminate repair of the accumulated damage from
the underlying chronic disease process that has
escaped HSP surveillance and would otherwise
lead to progressive cellular dysfunction and ulti-
mate death. Independence of the salvific HSP
repair process from the cause(s) of the accumu-
lated cell damage and resultant dysfunction par-
ticular to the underlying disease process makes
the reset phenomenon both powerful and elegant,
and the basis for the description of retinal laser in
chronic retinopathies as a “non-specific trigger of
disease-specific repair” [49, 100-103].

30.8 Laser and AMD-Biologic
Effects

Laser activation of RPE HSPs triggers a cascade
of reparative and modulated inflammatory
effects, factors, and processes that improve cell
and retinal function. These include decreased
expression of angiogenesis promoters VEGE,
TGF-B, and bFGF; increased angiogenesis
inhibitor pigment epithelial-derived factor
expression; improved mitochondrial function;
increased retinal nitrous oxide levels; inhibition
of apoptosis; modulation of tissue matrix metal-
loproteinases; reduced free radical species and
increased superoxide dismutase activity;
increased mRNA expression of cytokine mark-
ers of reparative acute inflammation and
decreased markers of chronic inflammation;
local and systemic immunomodulation includ-
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ing local stem cell activation and monocyte and
hematopoietic progenitor cell recruitment to the
retina; and improved retinal macro- and microg-
lial function [8, 22, 23, 47, 58, 63, 106-116].
Absent compromise of the RPE/Bruch’s mem-
brane complex integrity and tissue scarring from
LIRD that increase the risk of CNV in AMD,
any or all of the above responses to laser treat-
ment sublethal to the RPE such as SDM may
contribute to a reduced risk of age-related CN'V.

As noted, a characteristic abnormality in
AMD is the accumulation of metabolic by-
products such as lipofuscin, damaged organelles,
and nonfunctioning or toxic proteins [117]. This
informs us that the RPE in AMD is functioning
in an environment of chronic oxidative stress,
while still managing to maintain relatively nor-
mal visual cycle metabolism and upkeep of
Bruch’s membrane. With aging the normal level
of homeostatic HSP function is insufficient to
maintain repair. This oxidative stress-induced
cellular damage also contributes to increased
protein misfolding and formation of detrimental
protein aggregates within the cytosol, further
compromising cell function [118, 119]. Here,
activation of additional compensatory processes
may mitigate HSPs failure. Two that are particu-
larly important are the proteasome and autoph-
agy pathways. The first involves tagging
misfolded proteins with ubiquitin and transfer-
ring them to the proteasome degradation path-
way, which is a multicatalytic proteolytic
complex that recognizes and selectively degrades
oxidatively damaged and ubiquitinated proteins.
The second, the autophagy pathway is in itself
an inbuilt intracellular waste disposal system
[120-124].

30.9 Why Drusen Elimination
Might Be Undesirable

HSPs, the proteasome, and cellular autophagy
are the three key intracellular pathways that
maintain RPE homeostasis. In aging, all are
increasingly compromised leading to activation
of the nuclear factor-kappaB (NF-kappaB) sig-
nalling pathway. NF-kappaB, a transcription fac-

tor that plays a critical role in diverse cellular
processes associated with proliferation, cell
death, and development; as well as innate and
adaptive immune responses, is normally seques-
tered in the cytoplasm by a family of inhibitory
proteins known as inhibitors of
NF-kappaB. Activation of NF-kappaB leads to
the assembly of the NLRP3 inflammasome and
activation of a tissue repair response [119].

Clinically, we recognize this stage of the
immune response to aging as the typical
inflammaging-associated AMD phenotype of
soft drusen and pigmentary alterations at the
macula. In other words, these clinical character-
istics are key biomarkers of what is happening
at the cellular and molecular level. As biomark-
ers they are important because they inform us
that the RPE is chronically stressed and func-
tionally compromised, but still viable. From a
natural history perspective, the disappearance of
these lesions is often associated with the death
of RPE leading to ARGA and visual loss [125].
Once begun, the process of ARGA is progres-
sive [96].

Although drusen are a sign of impaired
autophagy and inflammaging (and indirectly of
impaired proteasomal degradation and HSP func-
tion), their presence nonetheless indicates that
these pathways are still functional [93]. SDM
appears to reduce the risks of visual loss in high-
risk AMD from both ARGA and CNV by improv-
ing, rather than further stressing and
decompensating RPE function; and by preserv-
ing the integrity of the RPE/Bruch’s membrane
complex [11, 26, 56].

As noted above, the NF kappaB pathway,
resulting in the assembly of the NLRP3 inflam-
masome, appears to be crucial to the pathogene-
sis of AMD [126]. The biological significance of
NLRP3 inflammasome activation is the release of
active IL-1p and IL-18 into the extracellular
space. The secreted IL-1p facilitates the chronic
inflammatory response in the tissues while IL-18
promotes caspase-3 dependent RPE apoptosis,
both hallmarks of AMD [65]. Inhibition of IL-1§
and IL-18 expression via RPE HSP activation is
thus yet another point in the disease process
where retinal laser sublethal to the RPE may
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reduce the risk of CNV in AMD by inhibiting
chronic inflammation [127].

Finally, at the tissue level, retinal laser-induced
inflammatory recalibration in the direction of res-
toration and repair and away from progressive
degeneration has local microglial and systemic
components. These include activation of resident
retinal stem cells and recruitment of bone
marrow-derived stem cells, a potent combination
that can foster repair, regeneration, and func-
tional restoration [54, 55, 111].

While difficult to demonstrate clinically in dry
AMD, the images in Figs. 30.1, 30.2, 30.3, 30.4,
30.5 illustrate the anti-inflammatory effects of
panmacular and total retinal SDM as monother-
apy in various other clinical settings described
above. Note also the complete absence of LIRD
in each case.

30.10 Summary

In summary, as the most important cause of CNV
and related visual loss, AMD is a complex web of
dysfunctional intracellular and extracellular
events involving hundreds, if not thousands, of
signalling molecules in innumerable interrela-
tions. At our current level of understanding it is
hard to envisage a targeted therapy, acting on a
specific molecule(s) at a particular point in a par-
ticular pathway(s), that might singularly modu-
late a disease process of such complexity. The
complexity of targeted therapeutic alteration of
cell physiology dwarfs the comparative simplic-
ity of binding VEGF in the extracellular space
accounting for the failure of targeted drug therapy
to prevent AMD—and thus CNV—to date. Yet
the judicious application of light seems to do
exactly that. Rather than attempting to selectively
manipulate cell chemistry, retinal laser awakens
powerful and fundamental mechanisms of cellu-
lar repair and functional restoration harnessing
this same biologic complexity to advantage.
Acting on a fraction of proteins in a single cell
via HSP activation, laser is a catalyst launching a
multitude of cascading effects within and far
beyond the cell, resulting in physiologic—and
thus ideal—functional normalization, “resetting”

the RPE. The resultant reversal of the chronic
disease process reduces the risks of visual loss—
including the development of CNV. Absent
LIRD, the benefits of modern laser are unop-
posed by adverse treatment effects and are great-
est in eyes with the highest risks of age-related
visual loss [11, 56]. Conversely, LIRD is adverse
to retinal integrity and retinal and visual function.
In AMD, LIRD may accelerate retinal degenera-
tion, further increasing the risk of visual loss
from ARGA and CNYV, especially in the sickest,
most compromised and vulnerable eyes [44, 52,
53]. Thus drusen elimination requiring LIRD
appears undesirable, especially in the most func-
tionally compromised high-risk eyes, and of
uncertain long-term benefit in eyes with early
AMD. In contrast, retinal laser treatment sub-
lethal to the RPE, and thus wholly therapeutic,
appears to hold great promise in the prevention of
visual loss from chronic progressive retinopa-
thies in general, and from CNV in AMD in par-
ticular. Further study will be illuminating.

Key Learning Points

1. While CNV may result from focal damage to
the macula from a number of causes, the main
cause is chronic progressive disease, princi-
pally age-related macular degeneration.

2. All chronic progressive retinopathies (CPRs)
are neurodegenerations, and as such have
much in common despite disparate etiologies
and phenotypes.

3. Dysfunction of the retinal pigment epithelium
is a key commonality of all CRPs, leading to
the second key commonality of chronic, self-
perpetuating, degenerative inflammation.
These are the key predisposing factors to
CNV in AMD.

4. The therapeutic effects of retinal laser treat-
ment improve RPE and thus retinal function,
and are antagonistic to chronic inflammation,
resulting in repair and functional restoration.

5. Laser-induced retinal damage (LIRD) is the
cause of all adverse treatment effects and
compromises the therapeutic benefits of laser
treatment while offering no unique benefits
over modern retinal laser therapy which is
reliably sublethal to the RPE. LIRD increases
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AMD progression and the risks of visual loss,
including CNV, particularly in high-risk eyes.

6. By eliminating LIRD and maximizing thera-
peutic laser effects, modern retinal laser, epit-
omized by low-intensity/high-density
subthreshold diode micropulse laser (SDM),
safely slows disease progression, reducing the
risks of visual loss and CNV in AMD, espe-
cially in the highest risk eyes.

7. By addressing the commonalities of retinal
neurodegenerations via non-targeted, pathose-
lective disease-specific repair, SDM may offer
similar benefits in other retinopathies that pre-
dispose to macular CNV.
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