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Introduction

Diabetic macular edema (DME) is a common cause of vision loss
and decreased vision-related quality of life (VRQoL) in working-
aged Americans [1,2]. Both vision and VRQoL may be modified by
treatment [3], and recent therapeutic advancements have provided
the flexibility to customize management for the patient’s individual
needs. Pharmacotherapy, photocoagulation, and vitreoretinal surgery
are tools that can be used to create a treatment algorithm for diabetic
macular edema.

Metabolic Control

Optimizing systemic factors that may contribute to ongoing
damage to the retinal vasculature is essential to successful outcomes
in managing DME. The Diabetes Control and Complications Trial
(DCCT) demonstrated that intensive glycemic control provides a
hazard reduction in retinopathy progression of 79% at four years
and 53% at ten years [4]. Data from the Early Treatment Diabetic
Retinopathy Study (ETDRS) suggested that lipid lowering may decrease
hard exudate formation in the macula and associated visual loss, as well
as decreasing the overall risk of cardiovascular mortality [5]. Recent
population-based cross sectional studies also identified a relationship
between high serum total cholesterol and clinically significant macular
edema (CSME) [6].

In the United Kingdom Prospective Diabetes Study Group
(UKPDS), patients with strict blood pressure control (10 mmHg
lower systolic pressure) experienced 34% reduction in worsening
retinopathy [7]. Glitazones oral hypoglycemic agents have been
implicated as a cause of macular edema, and cessation may result in
rapid improvement in visual acuity [8]. Each office visit represents an
opportunity to counsel the patient and coordinate care to help decrease
retinal vascular complications through improved metabolic control.

Evaluation of DME

Randomized trials have contributed greatly to our understanding
of how to manage DME. In most studies, patients with different
phenotypes are combined to achieve large enough groups to
achieve statistically significant results. Identifying the underlying
pathophysiologic mechanism is critical to successful therapeutic
intervention. Vascular permeability, inflammation, traction, ischemia,
and neuronal changes may all contribute to vision loss. At the initial
examination, high magnification or contact lens biomicroscopy,
fluorescein angiography (FA), and spectral-domain optical coherence
tomography (SD-OCT) should be utilized to subclassify DME to guide
treatment (Figure 1).

Focal macular photocoagulation

For over two decades, focal macular laser (FML) photocoagulation
has been the standard of care for DME. The ETDRS found a 50%
reduction in the likelihood of severe vision loss with grid-style FML
[9]. The Diabetic Retinopathy Clinical Research Network (DRCR.net)

study group more recently reported a ten-letter gain in nearly one-
third of patients treated with laser. Nevertheless, 19% still experienced
progressive visual loss [10].

DME often occurs in association with a circinate ring of hard
exudates surrounding microaneurysms (Figure 2). This subtype is focal
diabetic macular edema (FDME), and a localized vascular abnormality
is the primary pathologic feature. If vision threatening, focal macular
photocoagulation monotherapy, titrated to achieve a color change
in the targeted leaking aneurysms, can still be considered as a viable
treatment option.

Intravitreal anti-vascular endothelial growth factor therapy

Diffuse diabetic macular edema (DDME) is a different disease
process that usually proves more difficult to manage. Breakdown of
the blood-retinal barrier may lead to cystoid macular edema (CME)
and even serous macular detachment (Figure 3). Recent studies have
suggested that vascular endothelial growth factor (VEGF) mediates
vascular permeability in diabetic eyes [11,12]. Furthermore, levels
of VEGF and other vasoactive molecules correlate strongly with the
presence of DME [13]. Based on this evidence, pharmacotherapy has
been used to specifically target the pathophysiologic mechanisms
underlying DME.

In 2010, the Ranibizumab for Edema of the mAcula in Diabetes
(READ-2) study reported equivalent visual outcomes of intravitreal
anti-VEGF therapy to FML at two years, and gains were experienced
at as early as six months by the injection group. Supplementing with
FML (combination therapy) halved the number of needed injections
[14]. More recently, the RESTORE study demonstrated greater
improvement in best-corrected visual acuity (BCVA) at one year with
ranibizumab with or without laser compared with laser monotherapy
[15]. In contrast to READ-2, anatomic and VRQoL outcomes were
superior in the anti-VEGF groups. The number of total injections over
the year for the injection only group was 7.1 compared with 4.8 in the
combination therapy group. No cases of endophthalmitis occurred and
there was no increased risk of cardiovascular or cerebrovascular events
in the 345 patients who received multiple injections over the one-year
study.

In addition, the randomized, sham-controlled, 36 month phase III
trials of ranibizumab for DME (RIDE and RISE) both met their primary
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Figure 1: A treatment algorithm for diabetic macular edema (DME).
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endpoints (15 ETDRS letter gain from baseline), suggesting that anti-
VEGEF therapy is effective in improving vision compared with placebo.
DA VINCI, a phase 2 study of aflibercept (formerly VEGF Trap) for
DME with permitted laser rescue, also showed promising visual gains
at one year follow up [16].

Although intravitreal steroids have additional anti-inflammatory
properties along with targeting VEGF, the clinical benefits have been
less impressive. Because they accelerate cataract and raise intraocular

Figure 2: Circinate hard exudates around a cluster of microaneurysms in the
macula of a diabetic patient.

Figure 3: Diffuse diabeti.<-: macular edema (DDME); macular view during the
late phase of an ultra-wide field fluorescein angiogram (a) and SD-OCT (b).

pressure, they may be an appropriate option + FML in non-responders
who are pseudophakic or those who have had successful filtration
surgery to control glaucoma (DRCR.net protocol I, phase 3 FAME
trial, phase 3 PLACID trial) [17-19].

Though no drugs are FDA approved for DME, bevacizumab may
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be the initial choice to maximize patient access (minimizing expense)
and practitioner convenience. No definitive dosing guidelines exist for
pharmacotherapy. Close follow-up with monthly re-evaluation helps
determine functional (visual acuity) and structural (SD-OCT) response
as well as the patient’s own subjective assessment. The DRCR.net
investigators found evidence that prompt or deferred laser following
intravitreal anti-VEGF injection results in greater visual acuity gains
over controls [17]. To help reduce the burden of monthly injections
in cases with multiple areas of leakage on FA, a modified ETDRS-style
macular grid photocoagulation can be performed within two weeks
after an anti-VEGF treatment. Parameters vary according to the status
of each patient’s media and fundus pigmentation, and are titrated to
obtain a minimally visible burn. Shorter duration settings than those
used in DRCR.net cohorts have similar visual outcomes with the
benefit of higher spatial localization of the lesion with less expansion
over time [20].

Peripheral targeted retinal photocoagulation

The peripheral angiographic features of retinal vascular disease
and their association with vision-threatening complications can be
evaluated using ultra wide-field fluorescein angiography (UWFFA). A
high level of untreated nonperfusion, i.e. an elevated “ischemic index,”
is correlated with macular edema in retinal vein occlusions, presumably
through a VEGF-mediated mechanism [21]. Similar trends exist in
DME [22]. In animal models of diabetic retinopathy, the inner retinal
oxygen levels increase by as much as 50% following photocoagulation,
which may decrease the stimulus for VEGF production [23]. Laser may
also act by direct destruction of the cells responsible for producing
proaniogenic cytokines [24]. UWFFA is a tool that may therefore be
used to guide treatment of those with increased ischemic indices via
“targeted” retinal photocoagulation (TRP; Figure 4).

Vitreoretinal surgery

DME may decrease after spontaneous posterior vitreous
detachment (PVD) [25] or surgical removal of the vitreous. These
observations have led to studies of the efficacy of pars plana vitrectomy
(PPV) for DME. The DRCR.net investigators organized a prospective
cohort of 87 eyes with vision worse than 20/63 due to DME with
evidence of vitreomacular traction [26]. Median central foveal thickness
on OCT decreased by 160 pm, with at least a 50% reduction in 68%
of patients. Factors associated with better outcome included worse

Figure 4: SD-OCT of a patient with 20/80 vision and DME exacerbated by
an epiretinal membrane who failed multiple intravitreal anti-VEGF treatments
(a). Two months after PPV with detachment of the posterior hyaloid, ERM/
ILM peeling, and bevacizumab injection his vision improved to 20/40 with
restoration of a more normal appearing fovea (b).

Figure 5: Ultra wide-field fluorescein angiography of a patient with DME and
areas of untreated mid-peripheral non-perfusion (arrows).

visual acuity and retinal thickening at baseline, epiretinal membrane
(ERM) and internal limiting membrane (ILM) removal during surgery,
and pre-operative evidence of vitreoretinal abnormalities on OCT.
Based on this data, patients who have these characteristics (Figure 5)
may be offered PPV with ERM and ILM peeling, usually after failure
of pharmacotherapy. It should be noted that subsequent intravitreal
injections in the post-vitrectomized eye will be under augmented
pharmacokinetics, with faster clearance of the drug. Extended release
devices may overcome this obstacle. CHAMPLAIN, an open label
phase 3b trial of the dexamethasone implant for DME in vitrectomized
eyes, showed that nearly one-third of patients experienced a two line
improvement in visual acuity at week 13 [27]. In the DRCR.net study,
cataract progression, a common risk of vitrectomy, was noted at 6
months following vitrectomy in 38% of patients who had initially clear
lenses [26].

Conclusion

DME can be a difficult but rewarding entity to treat. It requires
thoughtful consideration of the anatomic features through careful
examination aided by retinal imaging techniques. Systemic and social
factors may even play a role (e.g. using intravitreal steroids in a patient
with recent thromboembolic events or inability to follow-up for the
more frequent dosing of other anti-VEGF agents). No patients present
identically, and combining pharmacotherapy, macular and peripheral
targeted photocoagulation, and surgical techniques is often necessary
to achieve good outcomes and satisfied patients.
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