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Diabetic macular edema: Evidence-based management

David ] Browning, Michael W Stewart', Chong Lee

Diabetic macular edema (DME) is the most common cause of vision loss in patients with diabetic retinopathy
with an increasing prevalence tied to the global epidemic in type 2 diabetes mellitus. Its pathophysiology
starts with decreased retinal oxygen tension that manifests as retinal capillary hyperpermeability and
increased intravascular pressure mediated by vascular endothelial growth factor (VEGF) upregulation
and retinal vascular autoregulation, respectively. Spectral domain optical coherence tomography (SD-
OCT) is the cornerstone of clinical assessment of DME. The foundation of treatment is metabolic control
of hyperglycemia and blood pressure. Specific ophthalmic treatments include intravitreal anti-VEGF
drug injections, intravitreal corticosteroid injections, focal laser photocoagulation, and vitrectomy, but a
substantial fraction of eyes respond incompletely to all of these modalities resulting in visual loss and
disordered retinal structure and vasculature visible on SD-OCT and OCT angiography. Efforts to close the
gap between the results of interventions within randomized clinical trials and in real-world contexts, and to
reduce the cost of care increasingly occupy innovation in the social organization of ophthalmic care of DME.
Pharmacologic research is exploring other biochemical pathways involved in retinal vascular homeostasis
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that may provide new points of intervention effective in those cases unresponsive to current treatments.
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Epidemiology and Risk Factors

Diabetic macular edema (DME) is the most common cause of
visual loss in those with diabetic retinopathy and is increasing
in prevalence globally.'* The prevalence of DME in patients
with diabetic retinopathy is 2.7%-11%** and it depends on
the type of diabetes and the duration of the disease, but for
both types 1 and 2 after 25-years duration, it approximates
30%. Systemic factors associated with DME include longer
duration of diabetes, higher systolic blood pressure, and higher
hemoglobin A1C. The sole ocular factor associated with DME is
diabetic retinopathy severity as increasing severity is associated
with increasing prevalence of DME.I*1!

Genetics, Pathoanatomy, and
Pathophysiology

The hypothesis that genetic risk and protective alleles exist
for development of DME has not been tested with genome
wide association studies of adequate size, but studies are
underway.!"

Anatomy

The capillaries in the macula are distributed in four strata
within the inner retina with the exception of the single-level
arrangement bordering the foveal avascular zone within the
ganglion cell layer.!"” Farther from the fovea, the three additional
levels of capillaries are found within the deep ganglion cell
layer, inner plexiform layer/superficial inner nuclear layer, and
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deep inner nuclear layer, respectively.l"¥! These strata can be
imaged by optical coherence tomography (OCT).I"!

Eighty percent of diabetes-related microaneurysms
originate in the inner nuclear layer and its border zones!'!
and are commonly found on the edges of nonperfused retina.
Microaneurysms in DME do not preferentially cluster in any
particular quadrant.'” In DME, spectral domain (SD)-OCT
angiography has shown microaneurysms and abnormal deep
capillary networking in the superficial outer nuclear layer, a
normally avascular zone.!

In center-involved diabetic macular edema (CIDME),
the central macula is often thickest, an inversion of the
normal morphology. In the foveal avascular zone, the only
mechanism for extracellular fluid resorption is the retinal
pigment epithelial (RPE) pump, which may explain the greater
accumulation of edema fluid at this location."” An associated
fundus sign is the appearance of the macular lipid star [Fig. 1]. In
15%-30% of cases of DME, a subfoveal serous retinal detachment
is present. Although the explanation for the subfoveal location
of fluid is conjectural, one theory posits an impaired RPE pump
due to decreased subfoveal choroidal circulation.?*2!

Breakdown of the inner blood-retina barrier rather than
outer blood-retina barrier breakdown is more important to
the formation of DME.??! Diabetes causes a redistribution
of occludin in retinal vascular endothelium.?! The Muller
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cells proliferate in epiretinal membranes that exert traction
on microvessels and increase their permeability. Astrocytes,
which wrap their end feet around microvessels, decrease their
production of glial fibrillary acidic protein in diabetes, which
may alter the blood-retina barrier.*!

Diabetes-related abnormalities of the vitreoretinal interface
may promote the development DME. During the process of
vitreous separation, the macula and the disk may adhere to
the posterior hyaloid more firmly, and traction may contribute
to blood retinal barrier breakdown and provide a scaffold for
cellular proliferation, which further increases traction on the
macula.?*? In eyes with DME, the internal limiting membrane
has more adherent cellular elements on its vitreous side, is
thicker, and has more heparin sulfate proteoglycan compared
with the internal limiting membrane from nondiabetic eyes.
Fibromuscular cells found in epiretinal blocks of tissue
biopsied at the time of vitrectomy for DME may be the basis
for tangential traction on the retina with concomitant increases
in capillary permeability.[>2!

Physiology

In DME, the macula is thickened due to increased extracellular
fluid derived from hyperpermeable retinal capillaries.*!
Prolonged hyperglycemia leads to reduced inner retinal oxygen
tension, venous dilation, increased VEGF concentration within
the retina, leukocyte stasis, and dysregulated growth factor
levels, which together are associated with increased exudation
of serum out of the retinal vasculature and into the extracellular
space.®?1 The RPE pump is overwhelmed by the exudation of
serum and macular swelling results.%3!

A framework for understanding the pathophysiology
of diabetic macular edema (DME) is the oxygen theory.5%
Prolonged periods of hyperglycemia lead to reduced perfusion
of the inner retina and decreased inner retinal oxygen tension.
The autoregulatory response of the retinal arterioles causes
dilation, which leads to increased hydrostatic pressure in the
intraretinal capillaries and venules as specified by Poiseuille’s
law.BY The elevated intravascular pressure experienced by
the capillaries may damage them.*"*? Concomitantly, the
decrease in retinal oxygen tension upregulates the synthesis
of VEGF and other permeability factors, which increases
microvasculature leakage. According to Starling’s law,
increased intravascular pressure and vascular permeability
resultin a net flow of water, ions, and macromolecules from the
intravascular space into the extravascular space. Extracellular
fluid is resorbed by re-entering the retinal vessels further
downstream or through the choroid via the pumping action
of the RPE.F>%!

Many variables are suspected to modulate this process. The
duration of diabetes and the integrated elevation of blood glucose
reflected in the glycated hemoglobin (HbA1C) have proven
pathophysiological importance. Retinal neurons and glial cells
increase their production of VEGF, even before ophthalmoscopic
evidence of capillary loss, associated with reduced occludin in
capillary endothelial tight junctions.**! Increased inflammation,
characterized by leukostasis, accumulation of macrophages,
intercellular adhesion molecule-1 activation (ICAM-1),
and prostacyclin upregulation, is associated with capillary
nonperfusion and breakdown of the blood-retina barrier.[*!
Patients with DME have elevated vitreous levels of VEGEF,

ICAM-1, interleukin-6 (IL-6), and monocyte chemoattractant
protein-1 compared with nondiabetic patients.” Inflammatory
cytokines such as tumor necrosis factors alpha and beta, alpha
4 integrin, nitric oxide, and interleukin-18 mediate vascular
permeability.?*%! Many other small molecules and growth
factors may contribute to the development of DME, although
the details of the pertinent pathways are incompletely
understood.”3#4041 High lipid levels may cause endothelial
dysfunction and increased vascular permeability through a local
inflammatory response and higher levels of advanced glycation
end products.*? In addition to extracellular edema, intracellular
edema may be relevant for DME. Dysregulated metabolism is
associated with accumulation of intracellular osmotically active
solutes that draw in water and cause cellular swelling.F"

Decrease in subfoveal choroidal blood flow in type 2
diabetic patients with retinopathy may be relevant in the
pathophysiology of DME. Eyes with DME have been reported
to have a greater decrease in choroidal blood flow than eyes
without DME, suggesting relative hypoxia of the RPE and
outer retina, and consequent increased permeability of the
outer blood retinal barrier.!

The vitreous may play a role in the pathogenesis of DME.
Cross-linking and protein glycation are increased in the diabetic
vitreous, which may explain instances of tangential macular
traction that may induce DME.!**! Besides the direct effect
of traction causing leakage from blood vessels or macular
elevation with subretinal fluid, vitreous adherent to the macula
may loculate mediators of vessel permeability in proximity
to macular capillaries and may impede oxygenation of the
retina, thereby causing venous dilation and increased edema
via Starling’s law or by upregulation of VEGEF.[#-#]

This account of the pathophysiology of DME informs an
understanding of how treatments for DME work [Fig. 2]. Grid
laser increases the oxygenation of the inner retina both by
reducing the number of oxygen-consuming photoreceptors
and by shortening the diffusion pathway to the inner retina for
oxygen originating in the choroid.*>*" Focal photocoagulation
presumably works by destroying leakage sources such as
microaneurysms but may also improve RPE pumping of
sodium ions and water outward toward the choroid.*2*52
Anti-VEGF drugs work by blocking the permeability inducing
effects of VEGF.[ Corticosteroids reduce expression of the
VEGF gene, differentially regulate expression of the various
VEGEF receptors, and have other non-VEGF-mediated effects
such as decreasing leukocyte recruitment and production of
ICAM-1, and inhibiting collagenase induction that reduce the
permeability of retinal microvessels.***! Vitrectomy may work
by increasing intravitreal and secondarily inner retinal oxygen
levels, leading to downregulation of VEGF synthesis, which
decreases the permeability of microvessels.’*®! In addition,
vitrectomy may open compartments of loculated cytokines and
relieve traction exerted on the macula by an altered vitreous.**¢!

Clinical Definitions

Diabetic macular edema

Retinal thickening within one disk diameter of the center of the
macula or definite hard exudates in this region.*!
Center-involved diabetic macular edema

DME in which the fovea is involved.
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Figure 1: A macular lipid star is a common fundus sign in diabetic
macular edema and indicates that the center of the macula is a
preferential site for accumulation of extracellular fluid

Clinically significant macular edema

The situation in which at least one of the following criteria is

fulfilled:

a. Retinal thickening within 500 pm of the center of the macula

b. Hard exudates within 500 um of the center of the macula
with adjacent retinal thickening

c. One disk area of retinal thickening any part of which is
within one disk diameter of the center of the macula.®’]

Focal and diffuse diabetic macular edema

These two terms have not been defined consistently in the
literature.[*$ Focal edema is said to arise from microaneurysms,
whereas diffuse edema is said to arise from generally dilated
and hyperpermeable capillaries throughout the macula.(
Focal DME has been reported to be more common than diffuse
DME, but many cases of DME have mixed features making a
clear distinction difficult.b"#%871 Additional confusion may
ensue because the term focal is used to describe a technique
of applying laser directly to microaneurysms when treating
DME with focal/grid photocoagulation. (35!

Other classifications of DME have been proposed. One scheme
differentiates diffuse edema, cystoid macular edema, and serous
retinal detachment based on OCT."¥! Attempts to correlate these
subgroups to treatment outcomes have yielded inconsistent
results, no consensus guidance exists on interventions for the
proposed subtypes, and no DRCR network study has shown
these DME classifications to help in clinical decision-making.

Subclinical diabetic macular edema (SCDME)

The severity of DME may not reach the definition of CSME
or CIDME. Clinical assessment of macular edema and OCT
assessment of macular edema frequently disagree in this group
of patients.’»* In addition, some eyes do not have clinically
recognized DME, but macular thickening is detectable by
OCT." The term subclinical DME has been used to define
both of these classes of DME that are less severe than clinically
significant DME.[2%

Persistent diabetic macular edema

DME that has been treated without complete resolution is
defined as persistent.”**! Persistent DME has been noted in
a proportion of eyes treated by any modality, including focal
laser photocoagulation, intravitreal injection of anti-VEGF
drugs or corticosteroids, and vitrectomy. Different criteria
have been applied for the number of treatments or duration
of treatment required before applying the term. Some eyes
have persistent edema despite all known treatments for DME.

Recurrent diabetic macular edema

Many cases exist in which DME resolves after treatment, but
subsequently recurs.”®*! Although DME can resolve spontaneously
without treatment, and then recur, the term recurrent DME is used
with reference to treated eyes with recurrences.

Methods of detection of DME

DME can be detected by stereoscopic slit-lamp examination
using a fundus lens.P*#*1% Direct ophthalmoscopy allows
detection of lipid exudates but lacks stereopsis. Although
lipid suggests associated macular thickening, the two findings
are not synonymous; presence of lipid alone is an unreliable
surrogate for DME.['""1% Stereoscopic fundus photographs and
fluorescein angiography can be used to assess the presence of
DME but have been largely supplanted by OCT.[2#105-105]

The importance of OCT in diagnosing and managing DME
cannot be overemphasized. The clinical diagnosis of DME
as practiced in the Early Treatment Diabetic Retinopathy
Study (ETDRS) era before OCT was beset by variability among
clinicians.’"1%l In contrast, measurements made with OCT are
highly reproducible.'”!'l In general, any change of macular
thickness greater than 11% of a previous measurement exceeds
OCT measurement variability and can be assumed to be a real
change in macular thickness.'” In addition to measurement
variability, there is short-term fluctuation in macular thickness
in DME. This refers to the variability noted over the course of
days to even weeks when there is no trend in the changes."'?!
Short-term fluctuation in DME is dependent on actual macular
thickness and is larger than measurement variability.[''?!

Of the many OCT indices that can be followed in the course
of DME, the central subfield mean thickness (CST) is the best
single measure.[""*! It is more reproducible than center point
thickness, yet is highly correlated (r=0.99) with the latter.!*4115]
Total macular volume (TMV) correlates somewhat less well
with CST (r =0.76), and there have been no conclusions drawn
from analyzing TMV that would not have been drawn by
studying CST instead.*1%4

OCT was originally developed using time domain
acquisition of images."'! Subsequently instruments using
spectral domain acquisition of images (SD-OCT) and
swept-source OCT (SS-OCT) have been developed. SD-OCT
and SS-OCT allow faster acquisition of images, denser sampling
of the macula, and better imaging of the choroid and outer
retina.["”2 The normal values for SD-OCT and SS-OCT differ
because the segmentation algorithms define the retina layers
differently, and measurements are not interconvertible across
instruments made by different companies."'81%1211 The axial
resolution of SD-OCT is 2-5 um.['8122 For the central subfield,
the mean coefficient of variation of SD-OCT has been reported
to be 0.66%.1¥1 The coefficient of repeatability for the central
subfield thickness of SD-OCT is 5 um.[*!
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Figure 2: Schematic summarization of the mechanisms of action of the various treatments for diabetic macular edema. The color-filled blocks

represent different treatment modalities for diabetic macular edema

OCT is good for objectively measuring macular thickness,
but macular thickening is only modestly correlated with
visual acuity (r = -0.52) perhaps due to variable duration
of edema and ischemia.'?* Photoreceptor outer segment
length, defined as the length between the ellipsoid zone
and the RPE, and outer retinal layer thickness, defined as
the length between the external limiting membrane (ELM)
and the RPE, correlate better with visual acuity (r = -0.81
and -0.65 to -0.8787, respectively).l'”>'¥] Disorganization of
the inner retinal layers (DRIL), defined as lack of definition
of boundaries between ganglion cell-inner plexiform layer
or inner-nuclear-outer-plexiform layers in > 50% of the 1
mm central subfield, has been associated with worse visual
acuity and less response to injections with bevacizumab or
ranibizumab.['#1% On average, each additional 100 um of DRIL
is associated with 6 ETDRS letters lost.['*]

Besides its usefulness in the detection of macular edema,
OCT has value in following DME over time. SD-OCT provides
enough detail regarding the outer retina that correlations of
intactness of structures with visual outcomes are possible.

Increased disruption of the ELM and ellipsoid zone (EZ) are
associated with worse visual acuity outcomes."?"13

Natural History

The ETDRS provided natural history data regarding DME.
Over 3 years of follow-up, the rate of moderate visual loss (15
letters on the ETDRS chart) was 8% per year.[® Rates of visual
loss increased according to the baseline visual acuity, with
worse seeing eyes losing vision at a higher rate.[] Rates of visual
loss also increased according to baseline retinopathy severity,
with eyes having more severe retinopathy losing vision at
higher rates than eyes with less severe retinopathy./®”! Rates
of visual acuity gain of at least 6 ETDRS letters in untreated
eyes with DME and visual acuity of <20/40 over three years of
follow-up were 20%—-25%.1*1 Of eyes with DME less severe than
CSME (one subset of what has been termed subclinical DME)
and observed without treatment, 22% and 25% progressed to
CIDME at 1 and 3 years of follow-up, respectively.[®l In the
OCT era, 31% of eyes with SCDME progressed to CSME over
a median follow-up of 14 months.!*!
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Chronic, untreated DME and refractory DME can lead to
subretinal fibrosis, particularly if hard exudates are present,
and by more subtle RPE pigmentary changes.*1¥

Treatments

Metabolic control and effects of drugs

Recognition of the risk factors for DME led to randomized
clinical trials of better blood pressure control in attempts to
reduce the prevalence of the condition. The Diabetes Control
and Complications Trial showed that tight blood glucose
control in patients with type 1 diabetes reduced the cumulative
incidence of macular edema at 9-year follow-up by 29% and
reduced the application of focal laser treatment for DME by
half.®81¥ The United Kingdom Prospective Diabetes Study was
an analogous randomized clinical trial of patients with type 2
diabetes. It showed that tighter blood glucose control reduced
the requirement for laser treatment at 10 years by 29%, compared
with looser control; 78% of the laser treatments were for DME.[4]
It also showed that a mean systolic blood pressure reduction of
10 mm Hg and a diastolic blood pressure reduction of 5mm Hg
over a median follow-up of 8.4 years led to a 35% reduction in
retinal laser treatments, of which 78% were for DME. 41l

Increased serum cholesterol levels are associated with
increased severity and risk of retinal hard exudates.[*>!%
Patients with abnormally elevated triglycerides and HDL
cholesterol had worse visual acuity outcomes after focal/grid
photocoagulation than did patients with normal levels in one
small prospective study.'

Thiazolidinediones are oral agents used to treat type 2
diabetes. They are peroxisome proliferator-activated receptor
y agonists that work by enhancing insulin sensitivity.
Pioglitazone and rosiglitazone are members of this class
of drugs in common use. They have been associated with
peripheral edema, pulmonary edema, and/or congestive
heart failure, especially when used in combination with
insulin. Plasma VEGF levels are higher in patients on
thiazolidinediones than in patients not on these drugs."*! Case
reports and retrospective database cohort studies suggest that
they can be associated with new or worsened DME as well,
but in the ACCORD study, use of thiazolidinediones was not
associated with prevalence of DME at baseline or incidence
of DME over 4 years of follow-up.[14147]

Improved control of diabetes, hypertension, and serum
lipids is frequently underemphasized by the ophthalmologist
because changes in systemic disease management are usually
made by the internist, yet there is an intimate connection
between these changes and retinal effects. A multifactorial
intervention aimed at reducing glycated hemoglobin, elevated
blood pressure, and elevated serum lipids can produce
measurable effects in macular thickness in as little as 6 weeks
and forms a rational foundation on which to apply specific
ophthalmic interventions.!*!

Specific Ophthalmic Treatments

Focal/grid laser photocoagulation

The ETDRS demonstrated superior visual outcomes with
focal/grid laser for CSME compared with the natural
history. Laser thus became the standard of care over the next
30 years.® Treatments were repeated at 4-month intervals if

CSME persisted and treatable lesions or untreated, thickened,
and nonperfused retina remained. The average patient received
between three and four focal/grid laser treatments. ETDRS
style focal/grid photocoagulation for DME has potential side
effects including paracentral scotomas, subretinal fibrosis, and
secondary choroidal neovascularization.*14152

The technique of focal/grid argon laser treatment has
been modified over time. The most significant changes are
embodied in the DRCR.net protocols that employ focal/grid
photocoagulation. Rather than burns that can vary from 50 to
200 pum, all contemporary burns are 50 um and they are less
intense.™ Yellow wavelength laser is acceptable in addition
to green, but blue-green is not used because of concern over
absorption by macular luteal pigment. Use of a guiding
fluorescein angiogram is optional.P*7#14154 On average, for
mild CIDME with CST in the range of 300-350 um, one can
expect that focal/grid laser will produce ~25 um of macular
thinning at the usual first follow-up interval of 3-4 months. For
every 100 um of additional baseline macular thickening above
this threshold, one can expect that focal/grid laser will yield
approximately 10 um of additional macular thinning at the 3-to
4-month follow-up visit.'”! Visual acuity at this follow-up visit
is, on average, unchanged from baseline.!41551]

Subthreshold Laser Photocoagulation

Besides focal/grid suprathreshold laser treatment, diode
laser micropulse laser has been used in case series and small
randomized clinical trials.'**1%! Jts advantages are absence of
RPE scarring, no subsequent choroidal neovascularization,
and elimination of paracentral visual field scotomas.!"®6!1 The
disadvantages are that there is no visible endpoint for treatment,
making it difficult to determine where treatment has and has
notbeen given, and that there is no standardized, consensus set
of treatment parameters or guidelines with respect to treatment
within the foveal avascular zone. In addition, the reduction
in macular edema after subthreshold laser photocoagulation
occurs with a slower time course and more treatments are
necessary to achieve elimination of edema./"®

Intravitreal Injections of Corticosteroids

Corticosteroids were first used to treat DME in 2001.1¢2]
Triamcinolone, dexamethasone, and fluocinolone have been
used in many forms, including particulate suspensions,
viscoelastic mixtures, and solid slow-release devices.[13163-166]
Many dosages and intervals between triamcinolone injections
have been tried.['"”] Although enthusiasm for serial intravitreal
triamcinolone injections was initially high, protocol B of the
DRCR network showed that focal laser led to superior visual
acuity outcomes at 3 years relative to either triamcinolone
1 or 4 mg.""!%1 Since then, therapy with corticosteroids has
taken a secondary role to anti-VEGF therapy. Side effects of
cataract in phakic eyes and intraocular pressure elevation
have accompanied all steroids studied, although to varying
degrees. 571681

Slowly dissolving intravitreal dexamethasone
implants (Ozurdex®, Allergan, Irvine, CA, USA) are effective
in treating DME although the visual acuity gains are generally
less than with anti-VEGF injections.'*! In a 3-year randomized
controlled trial, the 0.7 mg dexamethasone implant was
associated with > 15 letter improvement in best corrected visual



December 2018

Browning, et al.: Diabetic macular edema 1741

acuity (BCVA) in 22.2% of patients compared to 12.0% in the
sham group.!"*! Over three years in phakic patients, 59.2% of
eyes required cataract surgery; 41.5% of eyes required the use of
ocular hypotensive therapy.'® The long-term visual outcome
of intravitreal dexamethasone implant therapy correlates with
the 3-month treatment response.['”"!

Intravitreal fluocinolone acetonide implants (Iluvien®,
Alimera, Alpharetta, GA, USA) last 3 years and, unlike the
dexamethasone implant, do not dissolve. In the FAME trial,
patients with persistent DME despite macular laser were
randomized to low-dose (0.2 ug/day), high-dose (0.5 ug/day),
or sham treatment. The percentage of eyes gaining at least 15
ETDRS letters at 24 months was 28.7% compared with 16.2%
in the sham group. Cataract surgery was required in 74.9% of
the low-dose fluocinolone group compared with 23.1% in the
sham group. Glaucoma developed in 1.6% of eyes compared
with 0.5% of sham eyes.'""!

Intravitreal Injections of Anti-VEGF Drugs

Anti-VEGF drugs include aptamers (pegaptanib), antibodies
to VEGF (bevacizumab), antibody fragments to VEGF
(ranibizumab), and fusion proteins, which combine a receptor for
VEGEF with the Fc fragment of an immunoglobulin (aflibercept
and conbercept). The antibodies and fusion proteins bind all
isoforms of VEGF-A; fusion proteins additionally bind VEGF-B
and placental growth factor. Fusion proteins have higher
affinity for VEGF and the potential for less frequent injection
frequency in the treatment of DME.['72173]

Bevacizumab (Avastin®, Genentech, S. San Francisco,
CA, USA/Roche, Basel, SW) is Food and Drug
Administration (FDA)-approved for treatment of advanced
solid cancers, but is widely used off-label in the treatment of
DME. Itis much less expensive than the FDA-approved ocular
anti-VEGF drugs.'” Ziv-aflibercept (Zaltrap®, Regeneron,
Tarrytown, NY, USA) is systemically formulated aflibercept in
a buffered solution with a higher osmolarity (1,000 mOsm/L)
than aflibercept.l”” In a rabbit model, intravitreal injection of
ziv-aflibercept did not affect serum or intraocular osmolarity,
and human studies are beginning to be published.'”>!7!

The first anti-VEGF drug used to treat DME was
pegaptanib (Macugen®, Bausch and Lomb, Rochester, NY,
USA), which selectively blocks the 165-isoform of VEGF.['”®!
Its promise was superseded by superior results obtained
with anti-VEGF drugs that blocked all isoforms of VEGF.
The efficacy of bevacizumab and ranibizumab were proven
in randomized controlled clinical trials in 2010 and that
of aflibercept in 2014.17777%1 A prospective, randomized,
comparative effectiveness trial of these three drugs showed
no difference in efficacy of the three drugs in eyes with
center-involved DME and visual acuity of 20/40 or better at 1
or 2 years of follow-up.I"”* However, in eyes with visual acuity
of 20/50 or worse, aflibercept was superior to ranibizumab
and bevacizumab at 1 year, whereas at 2 years, aflibercept was
no longer superior to ranibizumab but remained superior to
bevacizumab.!"7#% An example illustrating effectiveness of
aflibercept, persistence of DME, and SD-OCT correlates of
suboptimal visual acuity outcomes is shown in Fig. 3.

Approaches aimed atincreasing the intravitreal concentration
of anti-VEGF agents have not proved beneficial. The READ-3

clinical trial examining two doses of ranibizumab (0.5 and
2.0 mg) in DME showed that at 2 years, the 0.5 mg dose was
associated with a better visual outcome."'¥ Focal laser added
from the outset to anti-VEGF does not improve visual acuity
outcomes relative to its use in a deferred manner if incomplete
drying of the macula occurs with anti-VEGF therapy.['®!
Randomized clinical trials demonstrate that these general results
apply across various racial and ethnic groups.'*!#4 As a result,
in 2018, serial anti-VEGEF intravitreal injection monotherapy is
the standard of care for treating DME in developed countries.

Although serial injections of anti-VEGF drugs are
first-line therapy for DME, some patients do not respond or
respond incompletely. In the RISE and RIDE trials, persistent
macular thickening was found in 20%-25% of patients.['”®
A secondary analysis of protocol T comparing intravitreal
aflibercept, bevacizumab, and ranibizumab for CI-DME
found that persistent DME through 24 weeks was found

11/30/2017

5 monthly aflibercept injections
VA 20/63 <

5/16/2018
VA 20/50

Average Thekress ) ~

Figure 3: Images of a 77-year-old man with type 2 diabetes
mellitus, who developed diabetic macular edema of the left eye that
reduced visual acuity to 20/63. (a) Red free fundus photography
shows microaneurysms and one large blot hemorrhage above the
fovea. Fluorescein angiography shows multiple hyperfluorescent
microaneurysms in the mid-phase, and late leakage above the fovea in
the late frame. (b) The spectral domain-optical coherence tomography
on November 30, 2017 shows center-involved diabetic macular edema
and subfoveal fluid. After 5 monthly aflibercept injections, the edema
has decreased, but persistent edema is present. An ellipsoid zone
defect (yellow arrow) is apparent
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in 31.6%, 65.6%, and 41.5% of eyes receiving aflibercept,
bevacizumab, and ranibizumab, respectively.’”! Despite their
incomplete responses, the visual acuity outcomes of eyes with
chronic persistent DME were similar to those of eyes with
complete resolution of edema.’”! Similar results were found
in a secondary analysis of protocol I comparing intravitreal
ranibizumab with prompt or deferred focal laser to intravitreal
triamcinolone with prompt focal laser for CI-DME.!'

A concomitant effect of anti-VEGF treatment for DME is
improvement in retinopathy severity or slowing of the rate
of progression of retinopathy. This effect has been noted
with ranibizumab and aflibercept.'”! For aflibercept, there
is an association between baseline retinopathy severity and
proportion of patients achieving > 2-step severity score
improvement.! Another concomitant effect is thinning of
the choroid.l'"¥1%! In treatment naive CIDME, 3-6 months of
bevacizumab or ranibizumab was associated with choroidal
thinning 190191

No better results have been reported than those of RISE
and RIDE using a monthly injections regimen. In the READ-2
trial, when less than monthly injection frequency after 2 years
was succeeded by 1 year of monthly injections, additional
statistically significant improvement in visual acuity was
attainable (mean of 3.1 additional ETDRS letters).? However,
RESOLVE, RESTORE, and DRCR network protocols I and T
have demonstrated that similar outcomes can be achieved
with monthly injections for 3-4 months followed by OCT

Figure 4: Images of the left eye of a 21-year-old woman with
type 1 diabetes mellitus with proliferative diabetic retinopathy and
center-involved diabetic macular edema. Her best corrected visual
acuity was 20/40. Because of documented poor adherence to scheduled
clinic visits, vitrectomy rather than serial anti-VEGF injection therapy
was chosen. (a) New vessels were present on the disc and in the
midperiphery of all quadrants with a preretinal hemorrhage superiorly. (b)
Fluorescein angiography shows leakage from new vessels and areas of
capillary nonperfusion in the midperiphery. (c) Spectral domain-optical
coherence tomography shows center-involved intraretinal fluid and
subfoveal fluid. The ellipsoid zone is intact (yellow arrow)

and visual acuity guided prn follow-up treatment that
decreases the number of injections required to produce the
visual outcome.[*** Despite safety concerns that intravitreal
anti-VEGF drugs could raise the risk of cardiovascular
complications in patients with diabetes, there is no consistent
evidence that this is the case.7#19+1%

Bevacizumab is more cost-effective in treating DME than
ranibizumab or aflibercept.l””%] Medicare reimbursement
for anti-VEGF drugs varies widely. In 2012, Medicare
reimbursement was $50 for bevacizumab and $1,903 for
ranibizumab.!"” The unit dose cost of aflibercept approximates
that for ranibizumab for the treatment of macular degeneration,
but the smaller approved dose of ranibizumab (0.3 mg) in
the US means that the cost of ranibizumab is approximately
60% that of aflibercept. The cost differences arise because
bevacizumab is not approved for intraocular use by the FDA,
whereas ranibizumab and aflibercept are FDA-approved for
intraocular use. Factors that influence which drugs are used

LN-RPE Thcaness (um)

Figure 5: Postoperative images from the same patient shown in Fig. 4.
(a) Following a single preoperative bevacizumab injection (to limit
intraoperative bleeding), vitrectomy, internal limiting membrane peeling,
and panretinal photocoagulation, the new vessels have regressed.
(b) Five years later the center-involved diabetic macular edema remains
resolved with no subsequent treatments. The best corrected visual
acuity was 20/25.
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include patient-factors and physician-factors. Patient-factors
include Medigap insurance coverage and out-of-pocket costs.
Physician-factors include Medicare drug repayment policies,
industry economic incentives, and risks associated with
compounding of bevacizumab.!'*!

Combined Intravitreal Anti-VEGF and
Corticosteroid Injections

Combination intravitreal bevacizumab and triamcinolone
has not been found to improve outcomes compared with
intravitreal bevacizumab monotherapy.?™ The addition of
an intravitreal dexamethasone sustained release device to a
regimen of ranibizumab injections did not improve visual
acuity outcomes at 24 weeks, although macular thinning was
greater than with intravitreal ranibizumab (IVR) alone.!

Vitrectomy

The idea that vitreomacular adhesion might promote DME
arose from the observation that eyes with DME have a lower
prevalence of posterior vitreous detachment than eyes without
DME.?" The subsequent observation that resolution of DME
could occur after posterior vitreous detachment strengthened
the plausibility that surgical induction of a vitreomacular
separation might improve DME.[™2%I With the advent of
OCT, vitreomacular adhesion was shown to be a risk factor
for DME.®! Vitrectomy for DME was first reported in 1992.12%!
Since then, many small retrospective and prospective case
series, several small clinical trials, but no large, multi-centered,
randomized, controlled trials of the approach have been
published.[#649.61,949598,99,136.204215] Vitrectomy was introduced
for eyes with a taut posterior hyaloid adherent to the macula,
often associated with shallow traction macular detachment,
which had failed previous focal/grid laser.[#>4891362032161 | ater,
it was explored as a therapy for eyes with an attached but
non-thickened, non-taut posterior hyaloid or for eyes with
persistent DME despite previous focal laser or intravitreal
triamcinolone injection regardless of the status of the posterior
hyaloid [Figs. 4 and 5].[%204205207215217) Most recently, the
treatment has been studied as a potential primary therapy in
eyes with more severe edema and greater visual acuity loss
at presentation.#6136208210213215218219] The relative frequencies of
the various candidate groups have been reported as follows:
refractory DME in eyes with attached but non-taut posterior
hyaloid 68%, refractory DME in eyes with posterior vitreous
detachment 22%, refractory DME in eyes with a taut posterior
hyaloid 5%, and refractory DME in eyes with an epiretinal
membrane 5%.22"!

A controversy exists regarding the effects of vitrectomy
for DME. Several groups of investigators have reported data
to suggest that vitrectomy reduces macular thickening but
does not improve visual acuity.!352112152182201 Others report
improved visual acuities simultaneous with decreases in
macular thickening or lagging behind macular thinning by a
few months.[*#1362082211 Others report improved visual acuity
in cases with macular traction, but no visual improvement in
cases without traction. 8>

The largest prospective observational study with
standardized data collection was performed by the DRCR
network. In this study, which was not a randomized trial, 241
eyes were followed to a primary outcome visit at 6 months.

Baseline median CSMT was 491 um, interquartile range
(IQR) (356, 586). Baseline visual acuity was 57 letters, IQR (45,
66). At 6 months follow-up, the median change in CSMT was -97
um, IQR (-8, +10). The median change in ETDRS letter score
was + 1 letter, IQR (=8, +10).

As has been reported for all other treatments for DME,
recurrence of edema after initial improvement, incomplete
resolution of macular thickening, and failure to respond at all
to treatment also occur with vitrectomy, but the rates of these
undesirable outcomes may be reduced compared with focal
laser and intravitreal triamcinolone injections alone. #2102

Although there is general acceptance that vitrectomy has a
role in the management of at least some cases of DME, there
is also consensus that it has no role in many cases, including
cases of mild edema with minimal visual compromise and in
cases with large submacular hard exudates, in which chronic
RPE atrophic changes limit the potential for improvement
even after specifically removing these exudates through small
retinotomies.¥”?%1 A prospective, multicenter, randomized
clinical trial is needed to define the role of vitrectomy surgery
in the management of DME.

Discrepancy between Outcomes in
Randomized Controlled Trials and
Real-World Conditions

The outcomes obtained in the treatment of DME in Randomized
Controlled Trials (RCTs) and under real-world conditions
are different. In real-world conditions, inferior visual acuity
gains associated with less frequent intravitreal injections
have been reported, a relationship that has been consistently
noted internationally.l?**#% There are many factors that
possibly explain the discrepancy. In clinical trials, patients are
preselected for their commitment to complete the schedule of
visits, costs are borne in most cases by the entity performing
the study, and subsidies for travel are often provided. In real
life, lack of time and means could contribute to lower treatment
intensity, the nonmedical costs for patients are onerous
especially for patients of lower economic means and who are
motivated not to miss work for doctor visits, and the need to
manage other comorbidities.?”?##1 Both non-elderly and
elderly patients with DME have higher rates of comorbidity
and loss of work time and personal time compared with
diabetic patients without DME./*? For example, non-elderly
patients with DME had an average of 24.7 annual days with
healthcare visits compared with 14.4 for age-matched controls
with diabetes but no DME.*®? The average direct medical
cost ratio, adjusted for age, sex, race, geographic region, and
comorbidity, for Medicare patients with DME over 3 years
was 1.31 times that for diabetic controls without DME.?¥ In a
retrospective claims analysis of 2,733 newly diagnosed patients
with DME conducted over the interval 2008 through 2010, the
mean annual numbers of bevacizumab injections were 2.2, 2.5,
and 3.6 for the years 2008, 2009, and 2010, respectively, fewer
than in major clinical trials of anti-VEGF agents.** Similarly,
in a retrospective study of 121 eyes of 110 patients with a new
diagnosis of DME receiving anti-VEGF injection therapy for
the first time between 2007 and 2012 from the Geisinger Health
System database, a mean of 3.1 + 2.4 injections per study eye
were given in the first year of treatment. The mean change
in corrected visual acuity was 4.7 + 12.3 approximate ETDRS
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letters, where approximate ETDRS letters are calculated from
Snellen visual acuity. Higher numbers of anti-VEGF injections
in the first 12 months after diagnosis correlate with improved
visual outcomes, implying that real-world outcomes usually
lag those in RCTs.[?1 Other factors that may contribute to the
discrepancies include lack of protocol refractions in many
real-world visits, and the variability in treatment regimens
and follow-up used by real-world clinicians compared with
standardized regimens in clinical trials.?]

In a German study looking at pooled anti-VEGF injections for
DME, the mean change in VA at 12 months was -1.3 letters with
amedian of 6 injections.”! Both the number of injections and the
visual acuity outcomes are inferior to those reported in RCTs.
In a study of Medicare claims data from 2008 through 2010, the
mean number of claims per year for anti-VEGF injections for
DME was 3.1-4.6.%1 A US commercial database claims study
over 2008 through 2010 reported mean numbers of bevacizumab
injections for DME varying from 2.2 to 3.6.71 By comparison, the
number of injections of ranibizumab in RISE and RIDE was 12 in
the first year, and of ranibizumab, bevacizumab, or aflibercept
was 9-10 in DRCR protocol T.'7#178 A Danish study of IVR for
DME at 12 months reported a median number of injections of
5 and a median change in BCVA of +5 ETDRS letters.” An
Italian study of IVR for eyes with unilateral DME reported a
mean + SD number of injections of 4.15 + 1.99 over 18 months
of follow-up with a worsening of visual acuity on average.*'!

New Directions

Genetic mutations that render patients more or less susceptible
to DME as a complication of diabetes mellitus are likely to be
defined. The physiological pathways contributing to DME and
not mediated by VEGF are a likely focus of future research.
Using OCT and OCT angiography, it should be possible to
define at almost histological levels the retinal changes occurring
in DME and determine, which if any changes associate with
visual outcomes. Clinical trials of new drugs initiated by
drug companies and comparative effectiveness research by
organizations like the DRCR network will provide an evidential
basis for rational therapy. Efforts to close the gap between
randomized clinical trials and real-world outcomes and to
reduce the cost of care will draw increasing attention.

Summary of Key Points

e The prevalence of DME is increasing worldwide, mainly
because of increasing type 2 diabetes.

e Understanding retinal anatomy helps in analyzing clinical
presentations of DME based on the effects of the avascularity
of the central macula, the locations of the microvessels in the
inner retinal layers, the importance of the pigment epithelial
layer, and the role of the vitreoretinal interface.

e The oxygen theory of DME is the most comprehensive
pathophysiologic schema and VEGF is the single most
important mediator in that pathway, although not the sole
mediator.

OCT is critical in managing DME.

Macular thickening has an imperfect correlation with visual
acuity probably due to factors currently difficult to assess
such as duration of edema and degree of macular ischemia.

e Metabolic control of blood glucose, blood pressure, and
serum lipids is the foundation of therapy for DME, and
specific ocular treatments are most effective when this

foundation is optimized first.

o Serial injections of anti-VEGF drugs are first-line therapy
for DME. Focal/grid laser, intravitreal injections of
corticosteroids, and vitrectomy have secondary roles in
particular cases.
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