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Abstract

Purpose of Review This review highlights indications and evidence on laser therapy in the management of diabetic retinopathy
and diabetic macular edema. Particular focus is placed upon the benefits and limitations of conventional laser photocoagulation
versus more modern laser photocoagulation techniques, as well as the role of laser photocoagulation in treatment of diabetic
retinopathy and diabetic macular edema with the frequent utilization of pharmacologic, including anti-vascular endothelial
growth factor (VEGF), therapy.

Recent Findings Laser photocoagulation remains the gold-standard therapy for the effective, definitive treatment of PDR, and
also is highly effective in the management of DME. However, numerous recent studies have demonstrated the clinical efficacy
and improved functional and anatomic outcomes of combination therapy with pharmacologic treatment.

Summary Continuing innovations in laser technology and improved understanding of laser-retinal interactions and pathophys-
iology demonstrate that laser therapy will continue to play a critical role in the treatment of diabetic retinopathy and diabetic
macular edema for many years to come.

Keywords Diabetic retinopathy - Diabetic macular edema - Retinal laser therapy - Panretinal photocoagulation - Focal laser

photocoagulation - Selective retinal therapy

Introduction

Laser (Light Amplification by Stimulated Emission of
Radiation) therapy is utilized widely in nearly all fields of
medicine including ophthalmology, particularly in the treat-
ment of retinal vascular diseases such as proliferative diabetic
retinopathy (PDR), diabetic macular edema (DME), retinal
vein occlusions, central serous chorioretinopathy, choroidal
neovascularization, and vascular tumors [1]. Retinal laser
therapy is used for the management of these conditions in an
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ambulatory clinic setting, as well as in the operating room as
part of the surgical management for complex conditions like
tractional retinal detachments in diabetic retinopathy.

The purpose of this review is to specifically highlight the
indications and evidence for the role of laser therapy in the
management of diabetic retinopathy and diabetic macular ede-
ma. Diabetes is the leading cause of new cases of blindness in
adults in the USA [2, 3]. This article focuses on the use of
peripheral scatter retinal laser (e.g., panretinal photocoagula-
tion, or PRP) to treat PDR and the use of macular focal or grid
laser photocoagulation to treat DME. Although a comprehen-
sive review of the history and development of ophthalmic
lasers is beyond the scope of this article, this information is
summarized in several recent reviews [4, 5]. Similarly, the use
of retinal laser therapy for other indications, such as for cho-
roidal neovascularization, choroidal tumors, and the treatment
of retinal tears or holes, is reviewed elsewhere [6, 7].

Since the discovery and implementation of argon laser with
emission in the blue and green spectrum range by Bridges in
1964 [8], retinal laser therapy has been utilized as the standard
of care for PDR. More recently, it has been used by some
providers in combination with intravitreal injections of anti-
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vascular endothelial growth factor (VEGF) agents for the
management of PDR. However, there is significant controver-
sy about the use of anti-VEGF agents as a mainstay of PDR
treatment, given the risk of progressive disease, tractional ret-
inal detachment, or neovascular glaucoma if treatment is
interrupted or if a patient is lost to follow up as can frequently
occur in patients with DM. Retinal laser therapy also has an
important role in some patients for the treatment of DME,
often resulting in highly effective treatment of visually signif-
icant macular edema without the requirement of frequent re-
current intravitreal anti-VEGF injections or associated en-
dophthalmitis risk.

Laser technology has improved and evolved over the last
several decades in order to maintain important therapeutic
treatment effects, while minimizing collateral tissue damage,
complications, and patient discomfort. Since it represents a
critical and highly effective therapy for the treatment and pre-
vention of blinding eye disease, this article provides an update
on the current role and considerations for retinal laser therapy
in diabetic retinopathy in the age of pharmacologic, including
anti-VEGF, treatments.

How Does Retinal Laser Therapy Treat
Diabetic Eye Disease?

The principle of retinal laser therapy resulting in therapeutic
effects in the target retinal tissue is based upon the absorption
of light by ocular pigments, predominantly in the retinal pig-
ment epithelium (RPE) and choroid [9, 10] melanin and he-
moglobin. Conventional photocoagulation results in perma-
nent chorioretinal scars, although some of the newer laser
modalities utilizing reduced intensity and pulse duration may
not have such permanent tissue effects, based upon studies in
animal models [11]. The differences between these laser treat-
ment types will be reviewed later in this article.

The exact mechanism by which retinal laser therapy results
in effective treatment and improvement of retinal vascular
disease is not fully understood. With regards to PRP for
PDR, one possible mechanism is that damage to the retinal
cells by laser photocoagulation in areas of poor retinal perfu-
sion decreases the overall retinal oxygen demand and the level
of retinal hypoxia, with subsequent downregulation of angio-
genic factors and VEGF production by the retinal tissue and
subsequent increased oxygen perfusion to the remaining via-
ble retina [12, 13]. Photoreceptors are the most metabolically
active and numerous cell type within the retina, and PRP
treatment involves the purposeful destruction of a fraction of
photoreceptors in the peripheral retina to reduce overall oxy-
gen demand. The resulting decrease in VEGF production by
the retina also results in decreased retinal vascular permeabil-
ity and retinal edema [14].
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In contrast to the diffuse peripheral retinal treatment ap-
plied in PRP, focal laser is an approach in which laser is
specifically applied to a limited area of the posterior pole to
reduce macular edema. Although the exact mechanism of fo-
cal laser is also unknown, it has been proposed that focal laser
may work by occluding leaking microaneurysms in the retina,
followed by RPE recovery and the stimulation of cytokine
production that leads to reabsorption of fluid in the macula
[15]. It has also been proposed that reduced retinal tissue fol-
lowing photocoagulation leads to changes in retinal vascular
autoregulation and a resulting decrease in retinal blood flow
and macular edema [16, 17], or that reduced retinal blood flow
and macular edema results from improved oxygenation after
laser treatment [16]. Several studies have reported that grid
treatment alone (without focal treatment of leaking
microaneurysms) has a beneficial effect in the treatment of
diabetic macular edema, suggesting that there is some compo-
nent of a beneficial indirect effect of retinal photocoagulation
on macular edema [18-21].

Conventional Photocoagulation

Conventional laser photocoagulation has numerous applica-
tions in the treatment of retinal disease, including diabetic
retinopathy, retinal vein occlusions, sickle cell retinopathy,
and retinal tears. For the purpose of treating diabetic retinop-
athy, it is most often used to administer panretinal photocoag-
ulation of the peripheral retina, and can be delivered through a
slit lamp system utilizing a contact lens [22], laser indirect
ophthalmoscope (LIO) [23], or endolaser intra-operatively
[24]. All of these systems utilize a laser light source connected
to the output device through a fiber optic cable. Typical laser
settings for conventional retinal photocoagulation utilize pulse
durations from 100 to 200 milliseconds (ms), laser spot diam-
eters from 100 to 500 micrometers (um), and powers from 100
to 750 milliwatts (mW) with the application of 1000 to 2000
medium-intensity burns in the peripheral retina, spaced one-
half to one spot width apart [25]. These parameters are titrated
to produce visible gray-white burns in the treatment tissue,
and variation in each of the parameter settings has direct ef-
fects on the final retinal burns produced. A complete PRP
treatment can be divided into two or three treatment sessions
to minimize side effects and patient discomfort.
Conventional retinal photocoagulation has several signifi-
cant possible side effects and disadvantages, including patient
discomfort during treatment, permanent retinal scarring,
prolonged time for the physician to complete the treatment
(sometimes over multiple sessions), possible choroidal de-
tachments after treatment, elevated intraocular pressure,
cystoid macular edema, and decreased patient peripheral, col-
or, and night vision [26-28]. Direct treatment of retinal blood
vessels or retinal neovascularization may result in
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hemorrhage. Although rare, misdirected light can also result in
burns of the cornea, iris, lens, and fovea [29]. Anterior seg-
ment burns with the laser indirect ophthalmoscope (LIO) re-
sult from poor focus. Burns of the iris may result in iritis,
accommodative difficulties, or posterior synechiae [30].
Delayed complications of photocoagulation include second-
ary choroidal neovascularization, subretinal fibrosis, and mac-
ular pucker, particularly in an area where laser treatment may
have resulted in rupture of Bruch’s membrane.

The Diabetic Retinopathy Study (DRS) was the first large,
prospective, multi-center, randomized clinical trial of the effi-
cacy of retinal laser photocoagulation, specifically to evaluate
the timing of PRP in eyes with advanced non-proliferative
diabetic retinopathy and with PDR [31]. This trial demonstrat-
ed that PRP was highly effective and reduced the risk of se-
vere visual loss by 60% at 2 years in patients with high-risk
PDR [31, 32]. It also demonstrated that PRP applied with
argon laser had a similar clinical efficacy, but a much better
adverse effect profile, as compared to xenon-arc treatment,
which led to the adoption of argon laser as the most common
conventional laser source utilized for PRP following that
study. However, argon lasers have mostly been replaced by
air-cooled Nd:YAG lasers (such as Pattern Scanning Lasers
using frequency-doubled neodymium-doped yttrium alumi-
num garnet (Nd:Y AG) laser technology, described later in this
article for application of panretinal, focal, and macular grid
photocoagulation) that similarly are able to produce green
(532-nm) light given the smaller size and footprint of the laser
device. According to the DRS protocol for standard argon-
type laser PRP, the laser settings should be a pulse duration
of 100ms, large spot size of 200—500 um, and power of 200—
300mW utilized to deliver 1500-5000 burns over 14 treat-
ment sessions, with each laser spot applied one by one [31].

Macular edema is the main cause of decreased vision in
diabetic patients, and conventional laser photocoagulation has
an important role in the treatment of this condition [33].
Macular edema can be defined as focal or diffuse, and the
laser approach utilized to treat it depends on the type of mac-
ular edema. Focal macular edema is characterized by discrete
areas of retinal thickening associated with specific points of
leakage on fluorescein angiography. Diffuse macular edema is
characterized by widespread thickening and diffuse leakage of
fluorescein dye that reflects extensive breakdown of the
blood-retinal barrier.

With regards to the use of conventional laser photocoagu-
lation for the treatment of diabetic macular edema, the Early
Treatment Diabetic Retinopathy Study (ETDRS) was one of
the earliest prospective, multi-center, randomized clinical tri-
als to demonstrate the efficacy of focal (direct/grid) laser ther-
apy for the treatment of clinically significant macular edema
(CSME) [25, 34]. The ETDRS definition of CSME was based
on the presence of any one of the following three characteris-
tics [33]: (1) Retinal thickening within 500 um of the center of

the macula, (2) Hard exudate within 500 um of the center of
the macula with associated thickening, or (3) Zone or zones of
thickening larger than one disc area in size, any part of which
is within one disc diameter of the center of the macula.
Investigators in this study used a fluorescein angiogram to
help direct laser photocoagulation treatment of DME and to
identify treatable lesions, defined as discrete angiographic
points of retinal hyperfluorescence or clinical points of focal
leakage between 500 and 3,000 um from the center of the
fovea considered to produce retinal thickening or hard exu-
dates [35]. Two methods of laser photocoagulation were uti-
lized: focal (to treat focal areas of leakage) or grid-pattern (to
treat diffuse retinal thickening secondary to diffuse leakage)
[36, 37]. Focal treatment consists of burns of 50 to 100 um of
moderate intensity and 0.05 to 0.1 second duration, with end-
point of treatment as whitening or darkening of focal lesions.
Grid treatment utilizes spot size of 50 to 200 um for a duration
0f'0.05 to 0.5 seconds, not placed within 500 um of the center
of the macula or within 500 um of the disc margin, with
treatment goal of mild retinal pigment epithelium whitening.
This study demonstrated that patients with mild to moderate
non-proliferative diabetic retinopathy and macular edema
benefit from focal/grid laser photocoagulation with an associ-
ated reduction in the incidence of vision loss by 50% after 3
years of follow-up, relative to untreated control subjects [25,
35-37].

Although the ETDRS photocoagulation protocol was
found to be very effective, the placement of retinal laser burns
close to the center of the macula has the risk of progressive
RPE and retinal atrophy (“laser creep”) that enlarge over time
and can extend into the fovea, with possible resulting loss of
central vision, central scotoma, decreased color vision, cho-
roidal neovascularization, and subretinal fibrosis [38, 39]. To
prevent this adverse outcome, altered approaches to utilize
laser burns that are lighter and less intense than those used
in the ETDRS protocol have been developed [40].

The resulting modified Early Treatment Diabetic
Retinopathy Study direct/grid photocoagulation protocol
(mETDRS) entails treating only areas of thickened retina
and areas of retinal nonperfusion, as well a direct photocoag-
ulation of leaking microaneurysms [41]. It was modified from
the original ETDRS protocol in two main components: (1)
there was not a requirement for a treatment-induced change
in microaneurysm color, and (2) laser burns in the mETDRS
protocol were less intense (gray) and smaller (50 microns)
compared to the original ETDRS protocol [42].

Another approach, known as the mild macular grid (MMG)
protocol, utilized the application of mild, widely spaced burns
throughout the macula in areas of normal and thickened retina,
but excluding the foveal region and without direct laser pho-
tocoagulation of microaneurysms [41]. The modified ETDRS
direct/grid protocol was directly compared to the mild macular
grid laser photocoagulation strategy for the treatment of
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diabetic macular edema in a randomized control trial [41]. The
mild macular grid laser protocol was considered to be a po-
tentially milder (but more extensive) laser technique in which
microaneurysms were not treated directly, and small burns
were placed throughout the macula, whether or not macular
edema was present. In this study, 263 subjects with previously
untreated diabetic macular edema were randomly assigned to
receive laser photocoagulation either by the modified ETDRS
(162 eyes) or MMG (161) protocol, with clinical outcomes
(visual acuity, fundus photographs, and OCT) obtained at
baseline and at 3.5, 8, and 12-month follow-up. At 12 months
after treatment, the MMG technique was found to be less
effective at reducing OCT-measured retinal thickening as
compared to the modified ETDRS protocol, although visual
acuity outcome was not significantly different between the
two methods [41].

In eyes with CSME and PDR requiring immediate PRP for
proliferative disease, it is generally best to deliver focal treat-
ment before or at the same time as the PRP, rather than after
PRP, in order to minimize the risk of PRP exacerbating the
macular edema. An alternate approach used commonly today
is also to treat with an initial intravitreal anti-VEGF injection
to temporize the proliferative manifestations and reduce the
CSME, followed shortly by PRP therapy.

Modern Scanning Laser Photocoagulation

As laser technology has evolved and improved over the last
several decades, emphasis has been placed on developing
modifications to conventional retinal laser therapy in order
to minimize retinal damage and adverse side effects, while
maintaining the excellent therapeutic effect of the convention-
al approach. To this end, most of the innovations have focused
on changing the laser pulse duration, wavelength, and spot
size to achieve these goals.

For example, the semi-automated pattern scanning retinal
photocoagulation system (PASCAL®, PAttern SCAn Laser)
represents a modern method of retinal photocoagulation
which enables the rapid application of numerous spots (4 to
56 burns) in a defined pattern to reduce treatment time, in-
crease patient comfort, and improve the accuracy of treat-
ment using a scanning laser with shorter pulse durations of
10-30 ms [43]. A 532-nm wavelength is utilized through a
standard slit-lamp system, and a number of laser scanning
patterns are available (arc, grid, circle, etc.) which may be
utilized according to the patient’s retinal anatomy and clini-
cal indication (Figure 1). Through a number of histologic
studies, it has been shown that such shorter pulse duration
burns result in less tissue damage to the inner retina [44], as
compared to the longer duration (>100ms) laser burns that
affect the RPE, photoreceptors, inner nuclear layer, ganglion
layer, and nerve fiber layer [45, 46]. In addition, shorter
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Fig. 1 Fundus photograph comparing conventional laser (lower left) and
patterned scanning laser (upper right), demonstrating more uniformly
spaced, small, and less intense spots provided by the pattern scanning
laser. Reprinted with permission from Paulus, Y. M., Palanker, D., &
Blumenkranz, M. S. (2010). Short-pulse laser treatment: redefining
retinal therapy. Retinal Physician, 7(1), 54-56

pulse durations result in less patient discomfort due to re-
duced heat diffusion into the choroid [47]. Optimization of
laser wavelength along with spatial and temporal modulation
of the laser beam can also be considered to maximize clinical
utility while minimizing damage to surrounding tissue [48,
49].

Pattern scanning laser is commonly used for PRP in the
treatment of PDR with similar clinical efficacy compared to
conventional laser therapy. Pattern scanning laser parameters
for PRP include spot size of 200um with duration of 10 to
20ms placed just outside the arcades (1 disc diameter or more
from the arcades), at least three disc diameters temporal to the
macula, and at least one disc diameter nasal to the optic disc
with patterns varying from 3 x 3 to 7 % 7 laser spot arrays. The
outcomes of PRP performed with the pattern scanning system
have been compared to PRP with conventional laser in several
studies. For example, a 532-nm solid-state green laser (GLX)
was compared to a multi-spot 532-nm pattern scanning laser
approach in PRP treatment in a prospective, randomized clin-
ical trial to compare the efficacy, collateral damage, and con-
venience of these PRP approaches [50]. This study demon-
strated that pattern scanning laser resulted in less collateral
tissue damage and similar regression of retinopathy compared
to the GLX laser, and it was less time consuming and less
painful for patients. However, in a separate study, the pattern
scanning laser was reported to be less effective compared to
conventional treatment in the treatment of high-risk PDR
when applying equivalent number of laser treatment spots
[51], although subsequently it was shown that the patients
undergoing pattern scanning treatment in this study received
significantly less treatment than the conventional laser group
[52].
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Pattern scanning laser is also a highly utilized method for
the treatment of diabetic macular edema. Convenient laser
pattern templates may be used for macular photocoagulation
that include ring and arc patterns with a central foveal exclu-
sion zone, ensuring that no laser burn is placed closer than a
preset distance from the center of the foveal avascular zone.
Pattern scanning is also utilized for “subthreshold” focal-grid
laser in macular edema, with the goal of avoiding and
preventing the enlargement of laser photocoagulation scars
over time after treatment [53]. These approaches are highly
effective for the treatment of macular edema, and in 2012 a
large, retrospective observational case series reported that
clinical and visual outcomes of short-pulse duration laser
settings with the pattern scanning system were comparable
to those of conventional argon laser parameters for the treat-
ment of diabetic macular edema [54].

Selective Retinal Therapy

As noted above, conventional retinal photocoagulation is
limited in its use for macular conditions because of the risk
of vision loss from central scars (resulting in scotomas) and
expansion of the laser scar over time. Selective retinal ther-
apy (SRT) with microsecond pulses that have a shorter du-
ration than the time needed for produced heat to diffuse was
developed as an alternative laser modality, specifically with
the goal of treating macular diseases that result from RPE
dysfunction, including age related macular degeneration,
DME, and central serous chorioretinopathy. Given the very
short pulse duration used in SRT, the high temperature is
confined primarily to the melanosomes inside RPE cells,
which absorb approximately 50% of the incident green light
[55]. This enables the selective treatment of the RPE cells
without damage to the overlying photoreceptors, neurosen-
sory retina, and choroid. There are two SRT modalities: a
pulsed and continuous wave scanning mode, and a variety
of clinical trials have validated the safety and efficacy of
SRT in DME, central serous chorioretinopathy, and macu-
lar edema secondary to branch retinal vein occlusions
[56-58]. For example, a prospective, two-center interven-
tional uncontrolled pilot study of SRT as a treatment of
CSME demonstrated statistically significant improvement
in the mean best-corrected visual acuity in treated patients
at 6-month follow-up, with no adverse effects [59].
However, SRT has not yet been commercialized or imple-
mented for routine clinical use despite promising initial re-
sults, in part because it is challenging for physicians to use
clinically given the lack of visible changes in the retinal
appearance when applying laser spots, making it difficult
to define the energy required for selective and therapeutic
RPE damage [60].

Subthreshold Diode Micropulse Laser

Subthreshold diode micropulse (SDM) laser is another novel
laser modality for photocoagulation designed to minimize col-
lateral tissue damage for treatment of the macula. Similar to
SRT, the goal of SDM is to provide selective therapeutic
targeting of the RPE while sparing of the neurosensory retina,
utilizing a near-infrared diode laser (810 nm) with bursts of
submillisecond pulses [61, 62]. As the name implies, the term
“subthreshold” refers to laser energy applied with no visible
intra-retinal damage or scarring, either during or after treat-
ment. Although the exact mechanism by which SDM induces
a therapeutic response is not understood, it is hypothesized
that SDM may alter the metabolic activity of the RPE,
resulting in the release of cytokines that regulate angiogenesis
and vascular leakage without any associated retinal damage
[63—-65]. SDM is delivered as microsecond laser pulses with
variable intervals without laser treatment in order to allow the
tissue to return to baseline temperature between pulses [66,
67], and it may be utilized in a low-intensity/high-density
approach for the complete and confluent treatment of an area
of diseased retina, such as an area of central macular edema
[68]. In fact, the most widely used application of SDM is for
the treatment of clinically significant macular edema (CSME)
[69], and it has been shown to have a long-term effect on
visual acuity and resolution of macular edema in a 3-year
follow-up case series of 25 treated eyes [70]. In addition,
SDM has been compared directly to the ETDRS or the mod-
ified ETDRS focal laser protocols for the treatment of DME in
several randomized clinical trials; SDM was found to be equal
or superior to modified ETDRS laser photocoagulation with
less associated RPE damage for the treatment of DME [71,
72].

Upcoming Innovative Clinical Laser
and Delivery Platforms

In addition to the efficacious novel laser approaches outlined
above (scanning pattern laser, selective retinal therapy, sub-
threshold diode micropulse, etc.), several other important clin-
ical innovations are likely to become main-stream in busy
retina practices over the next few years, including endpoint
management and image-guided navigated laser delivery.
Table 1 compares the parameters and indications for several
of these novel laser techniques.

Endpoint management refers to a modified laser therapy
approach designed to precisely control laser energy relative
to titration level [73], and this titration algorithm is commer-
cially available for the 532-nm and 577-nm Pattern scanning
lasers to provide highly predictable laser dosimetry based on
the clinical indication and setting. The Endpoint Management
algorithm is based upon titrating laser power to that needed to
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Table 1 Comparison of novel retinal laser techniques with indications for the treatment of PDR and DME
Pattern scanning Navigated laser SDM SRT
(i.e., PASCAL®) (i.e., NAVILAS®)
Laser 532-nm 577-nm yellow laser 810-nm diode laser 527-nm Nd-YLF/532-nm
devices Nd-YAG/514-nm Nd-YAG laser
argon laser
Pulse 10-1000 ms 10-1000 ms 100-300 ps 1.7 us/15-60 ms
duration
Indications PDR/DME PDR/DME DME DME
Advantages Shorter treatment Eye tracking, improved accuracy Minimize collateral tissue damage Selectively damage RPE
times, increased and safety cells
safety
Limitations Uncontrolled eye No stereoscopic view, cannot Longer treatment time, treatment protocols are  Inability to detect or
movements integrate ICG angiography not well established or standardized visualize treatment

effects

generate a barely visible retinal burn (defined as 100% nom-
inal energy level), and then additional pulse energies can be
utilized as a percentage of the nominal energy level in order to
provide a spectrum of clinical laser intensities, from subvisible
retinal laser to intense coagulative tissue effects. Subthreshold
PRP using an Endpoint Management algorithm has been di-
rectly compared to conventional pattern scanning PRP for the
treatment of severe non-proliferative diabetic retinopathy in a
prospective study with regards to the rate of progression to
PDR in 12-month follow-up, and Endpoint Management was
found to be noninferior to conventional threshold pattern
scanning PRP [74].

Image-guided laser therapies, such as “Navigated laser
(NAVILAS),” are commercially available systems that utilize
fundus imaging and treatment device for specific, targeted
retinal laser photocoagulation in a pre-determined and highly
precise manner. It can incorporate various imaging modalities
such as infrared images, color fundus photographs, and fluo-
rescein angiography images and utilize these to create detailed
treatment plans for focal or large treatment areas with high
reproducibility and precision. NAVILAS has been shown to
be safe and effective in the treatment of DME with associated
improvement in visual acuity and macular edema 12 months
after treatment [75, 76] in a highly time-efficient manner [77],
and has also been used for PRP treatment [78]. Nanosecond
pulse duration laser synchronized with concurrent focused
ultrasound, termed photo-mediated ultrasound therapy [79,
80], has also been described and used to treat clinically rele-
vant animal models of retinal neovascularization without
damaging surrounding tissues [81].

Retinal Laser for PDR and DME Compared
and Combined with Pharmacologic Therapies

Since the development and wide-spread use of anti-VEGF
agents for the treatment of PDR and DME, a number of
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important clinical trials have studied the efficacy of pharma-
cologic therapy alone compared to retinal photocoagulation,
or pharmacologic therapy combined with retinal laser therapy,
for these conditions. Similarly, additional studies have evalu-
ated the role of intravitreal steroid therapy in the management
of DME relative to photocoagulation, or in combination with
laser treatment. The DRCR Retina Network (DRCR.net) has
coordinated many of these studies, which are summarized
briefly in Table 2. Only a subset of the DRCR Retina
Network protocols most relevant to the scope of this review
are included in Table 2, but a complete list is available on the
DRCR website, including a number of studies that evaluated
only anti-VEGF agents without a laser comparison group
(https://public.jaeb.org/drcrnet/stdy).

DRCR Protocol H was a Phase 2, randomized, multi-center
clinical trial to evaluate the efficacy of anti-VEGF therapy
(bevacizumab) for DME, either as primary treatment or in
combination with macular photocoagulation in patients 18
years or older [83]. Study eyes were randomly assigned to
one of five groups: (1) Laser photocoagulation at baseline
(with option for intravitreal injection if DME was present at
12-week follow-up), (2) 1.25 mg intravitreal injection of
bevacizumab at baseline and 6 weeks, (3) 2.5mg intravitreal
injection of bevacizumab at baseline and 6 weeks, (4) 1.25 mg
intravitreal injection of bevacizumab at baseline with sham
injection at 6 weeks, or (5) 1.25 mg intravitreal injection of
bevacizumab at baseline, laser photocoagulation at 3 weeks,
and intravitreal injection of 1.25 mg bevacizumab at 6 weeks.
The main study conclusion after 70 weeks of follow-up was
that intravitreal bevacizumab can effectively reduce DME in
some eyes, and there was no apparent short-term benefit or
adverse outcome when intravitreal bevacizumab was com-
bined with focal photocoagulation [83]. DRCR Protocol I
was a randomized clinical trial evaluating the effect of prompt
versus deferred (for > 24 weeks) foal/grid laser treatment in
eyes treated with intravitreal 0.5mg ranibizumab for DME
[84]. A 3-year follow-up study of the Protocol I subjects
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suggested that focal/grid laser treatment at initiation of intra-
vitreal ranibizumab was no better, and potentially worse, for
vision outcomes, as compared to deferring laser treatment for
> 24 weeks in eyes with DME involving the fovea and with
vision impairment [84]. DRCR Protocol J was a randomized
clinical trial evaluating the short-term effects (14 weeks) of
intravitreal ranibizumab or triamcinolone acetonide on macu-
lar edema following focal/grid laser for DME in eyes also
receiving PRP [85]. This study found that the addition of 1
intravitreal triamcinolone or 2 ranibizumab injections in eyes
receiving focal/grid laser for DME and PRP was associated
with better visual acuity outcomes and decreased macular
edema at 14-week follow-up [85]. Finally, DRCR Protocol
S was a Phase 11, prospective, multi-center randomized clin-
ical trial evaluating the effect of prompt PRP versus intravit-
real ranibizumab with deferred PRP for eyes with PDR.
Treatment with ranibizumab resulted in visual acuity that
was noninferior to PRP treatment at 2 years in eyes with
PDR [86], and these groups demonstrated comparable visual
acuity at 5-year follow-up [87]. Severe vision loss or serious
PDR complications were uncommon in both groups, though
the ranibizumab group had lower rates of visually significant
DME and less visual field loss at 5 years [87].

In addition to the DRCR protocols, a number of other stud-
ies have investigated the efficacy of combined pharmacologic
and laser therapy for PDR or DME. PRP laser alone versus a
combination of intravitreal aflibercept and PRP treatment was
evaluated in a retrospective study of 72 eyes with high-risk
PDR [88]. There were no significant differences in best-
corrected visual acuity, central foveal thickness, and
microaneurysms in the laser group before and after treatment,
but there were statistically significant improvements in the
combination therapy group compared to baseline. The differ-
ences between best-corrected visual acuity, central foveal
thickness, and microaneurysms were statistically significantly
different between the PRP only group and the combination
therapy group, suggesting that combination therapy may pro-
vide improved morphologic and functional outcomes [88].
The efficacy and safety of anti-VEGF monotherapy
(bevacizumab) versus combined anti-VEGF and subthreshold
micropulse laser therapy for DME was evaluated in a retro-
spective study of 80 eyes, with the primary outcomes of inter-
est defined as the mean number of required intravitreal injec-
tions, change of best-corrected visual acuity, and change in
central macular thickness [89]. A significant increase in best-
corrected visual acuity was observed in the combined therapy
group at 3, 6, 9, and 12 months of follow-up, whereas in the
intravitreal monotherapy group, visual acuity was only signif-
icantly improved at month 3. When compared to baseline, the
decrease in central macular thickness was statistically signifi-
cant in both groups at 3, 6, 9, and 12-month follow-up. This
study demonstrated that the use of combined intravitreal anti-
VEGF and subthreshold micropulse laser may be effective

@ Springer

and safe for DME [89]. This conclusion was supported by a
recent literature review of all studies utilizing a combination of
subthreshold diode micropulse laser and intravitreal anti-
VEGF or steroid treatment for the management of DME,
which reported that combination therapy resulted in fewer
intravitreal injections that pharmacologic monotherapy with
noninferior functional and morphologic outcomes [90].

Additional studies have evaluated the role of intravitreal
steroid therapy in the management of DME relative to photo-
coagulation, including the DRCR Protocol B, which demon-
strated that focal and grid laser photocoagulation are more
effective and have fewer side effects than 1 or 4 mg doses of
intravitreal triamcinolone in the treatment of CSME [82].
Importantly, there are significant clinical considerations and
possible undesired effects when laser photocoagulation and
intravitreal steroid therapy are utilized concurrently, particu-
larly relating to laser scar healing and residual tissue effects
[91, 92]. A rabbit model was utilized to evaluate the effect of
intravitreal triamcinolone acetonide (TA) on the healing of
retinal photocoagulation lesions using drug and laser dosing
parameters typically used in the clinical setting [91], relative
to control treatment with balanced salt solution injection rather
than TA. While the TA treatment groups demonstrated signif-
icant reduction in retinal thickness and laser-induced edema
compared to the balanced salt solution control eyes, this study
demonstrated that TA injection previously or concurrently
with photocoagulation interfered with retinal laser lesion
healing, resulting in wider residual scarring that was especial-
ly notable in more intense laser burns.

Considerations for pharmacologic therapy
and Laser Photocoagulation “in Real World”
Conditions

Despite the well-established efficacy and benefits of intravit-
real anti-VEGF therapy (alone or in combination with laser)
for the treatment of PDR and DME, any treatment plan that
relies on regular clinic visits and regular intravitreal injections
is subject to failure if a patient cannot reliably return for care.
A number of personal, social, financial, and medical con-
straints may limit a patient’s ability to return for injections,
including loss of insurance coverage, other critical illnesses,
psycho/social factors, or (as recently demonstrated), concerns
about seeking medical care during the COVID-19 pandemic
[93-95]. Given these real-world constraints, laser treatment
has the benefit of reducing the number of required injections
while offering a highly effective, long-lasting therapeutic ben-
efit [96, 97]. Unfortunately, every retina provider has seen
first-hand the possible devastating outcomes of untreated or
incompletely treated PDR when a patient is lost to follow up,
including permanent vision loss and complex surgical needs
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from neovascular glaucoma, tractional retinal detachments,
and profound retinal nonperfusion and ischemia [98, 99].

Conclusion

Despite the widespread use and high efficacy of anti-VEGF
therapy for diabetic retinopathy and diabetic macular edema,
retinal laser photocoagulation remains a vital therapeutic
method for the treatment of these conditions.

PRP laser treatment for PDR offers a definitive, durable
treatment method to prevent severe vision-threatening com-
plications such as neovascular glaucoma and tractional retinal
detachments; it remains the gold standard for treatment of
PDR. Importantly, patients who have complete PRP treatment
are not reliant on serial intravitreal anti-VEGF injections for
the treatment of the PDR, minimizing the risk of rare but
devastating complications from post-injection endophthalmi-
tis or worsening of their clinical disease in cases of loss-to-
follow-up or inability to present for routine clinical care (such
as during the peak of the COVID-19 pandemic, or loss of
insurance coverage) [93]. Although PDR may theoretically
be managed with regular anti-VEGF injections, PRP laser
offers a life-long management plan in real-world settings in
which patients cannot return to the clinic every 4-6 weeks.
Similarly, focal and grid laser photocoagulation for the treat-
ment of CSME can be highly effective and provide long-
standing resolution of macular edema without the need for
serial intravitreal injections, although the final best-corrected
visual acuity in eyes treated with laser photocoagulation alone
as compared to combination therapy may be lower in some
cases.

In addition, a number of recent laser technology innova-
tions and modifications to conventional laser photocoagula-
tion have led to improved clinical efficacy with simultaneous
reduction of side effects and adverse permanent vision conse-
quences such as scotoma formation, choroidal neovasculari-
zation, retinal scarring, and patient discomfort. For example,
pattern scanning laser has decreased the time required and the
discomfort experienced by patients for PRP treatment of PDR.
Selective retinal therapy (SRT) enables the localized, selective
treatment of RPE cells while limiting collateral damage to the
neurosensory retina. Subthreshold micropulse laser results in
therapeutic effect without inducing any detectable intra-retinal
tissue damage. These advances, along with other innovations
such as Endpoint Management and Navigated Laser, have
improved the safety, efficacy, and efficiency of retinal
photocoagulation.

Given that intravitreal anti-VEGF and corticosteroid agents
are now common therapeutic agents for the treatment of both
PDR and DME, research is ongoing as to the best approaches
and treatment paradigms for the combined use of laser and
pharmacologic therapy. However, repeated and long-term

intravitreal injections place a significant burden on the
healthcare system, patients, and providers, and they are not
without significant possible risks including endophthalmitis
[100]. Continuing innovations in laser technology and im-
proved understanding of laser-retinal interactions and patho-
physiology make us think that laser therapy will continue to
play a critical role in the treatment of diabetic retinopathy and
diabetic macular edema for many years to come.
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