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Abstract

As the incidence of diabetes increases yearly, so does the
frequency of vision threatening diabetic retinopathy. The most
common cause of vision loss in diabetes is diabetic macular edema.
Over the last decade, the gold standard for treatment has transitioned
from laser photocoagulation to anti- vascular endothelial growth
factor agents. With further understanding of the pathophysiology
of this disease and the aide of advanced imaging modalities such as
optical coherence tomography and fluorescein angiography, several
novel treatment options lie on the horizon. An understanding of
options for management of macular edema is essential for providers
and patients alike to help achieve best potential outcomes.

Introduction

Diabetes affects an estimated 347 million people worldwide
in 2014. According to the World Health Organization, this number
is expected to double by 2030. Diabetic Retinopathy (DR),
which occurs in approximately 30% of patients with Diabetes
Mellitus (DM), is a leading cause of vision loss in the working
age population, 20 to 74 years old [1,2]. This vision loss is most
frequently due to Diabetic Macular Edema (DME). In the United
States alone, approximately 1 of every 25 persons above the age
of 40 with diabetes has DME in at least 1 eye [3].

Both type 1 and type 2 DM patients are susceptible to DME.
The likelihood of developing DME increases with severity of
retinopathy as well as duration since onset of diabetes [4].

The pathogenesis of DME is primarily due to sustained
hyperglycemia causing a breakdown in the blood retinal barrier.
Blood vessel walls are composed of tight junctions between
retinal vascular endothelial cells. This breakdown of vessel walls
causes extravasation of proteins and solutes from the capillaries
into the extracellular space, shifting the oncotic and hydrostatic
pressure. This leads to fluid in extracellular space, and the
eventual formation of DME [5].

Management of DME has evolved a great deal since the 1980’s
when laser was considered the gold standard of treatment. In
the past 10 years intravitreal injections of steroids and anti-
Vascular Endothelial Growth Factor (VEGF) agents have become

the mainstays of treatment, changing the way we approach
treatment of this disease.

Symptoms

Patients with DM may present in a variety of ways. If the
macular edema does not affect the central vision, or fovea, then
many patients are asymptomatic. Others may complain of a
gradual decrease in vision with distortion. Transient bilateral
decrease in vision is also a symptom of DME, and can be caused
by acute changes in blood sugars. A sudden increase in floaters
in a patient may be a sign of vitreous hemorrhage in a patient
with proliferative diabetic retinopathy. Over time, areas of
neovascularization that fibrose and regress, may lead to a
tractional retinal detachment. This may be gradual or sudden
depending on the portion of the eye affected, and usually leaves
patients with a “curtain” in their vision or a portion of their visual
field missing. Patients with decreased vision and severe pain
may be experiencing neovascular glaucoma due to proliferative
diabetic retinopathy. Cataracts can also progress over time
in diabetic patients. Patients with cataracts often complain
of gradual vision loss with glare around lights and decrease in
quality of color vision.

Diagnosis

Patients with a new diagnosis of diabetes should have
a baseline dilated fundus examination by a optometrist or
comprehensive ophthalmologist as part of their workup. Patients
who are then found to have pathology are referred to a retina
specialist for evaluation and possible treatment. In addition to
clinical exam, imaging modalities such as fundus photography,
optical coherence tomography and fluorescein angiography can
aid in the diagnosis of DME.

Intravenous Fluorescein Angiography (IVFA) became popular
and accepted in the late 60’s. Today, angiography is performed
digitally, allowing for real-time evaluation of a patient’s retinal
circulation. In DR, IVFA can demonstrate both retinal leakage
and ischemia, and/or neovascularization especially on wide
field angiograms. Angiographic findings in macular edema
include progressive leakage from areas of microaneurysmal
vascular changes. The most common adverse reactions to occur
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are nausea (3-5% of patients), vomiting (7%) of patients), and
pruritus. More severe anaphylactic reactions are rare. Patients
may experience temporary erythema and mild pain if dye should
extravasate during an injection. This is often relieved with an
icepack. Local tissue necrosis has been reported in extremely rare
cases. However, more commonly patients experience temporary
mild pain and redness, which is often relieved with an icepack.
Pregnancy is a relative contraindication for this test [6,7].

Optical Coherence Tomography (OCT, is a non-invasive
diagnostic tool that obtains in -vivo cross sectional views of
the retina. spectral Domain OCT’s obtain between 20,000 and
40,000 scans per second, greatly improving resolution, and
decreasing likelihood of overlooking pathology [8]. Retinal
thickness can be measured and compared from visit to visit to
the micron, providing an objective means by which to monitor
for progression and treatment response. Specifically, OCT helps
to quantify and tract intraretinal and subretinal fluid in patients
with DME.

Categories of DME

During diagnostic evaluation of DME, retina specialists will
describe and subsequently categorize DME based on its extent
and location. DME can be diffuse or focal (describing extent of the
edema), and fovea involving vs. non-fovea involving (describing
location of the edema). These categories often aid in determining
treatment options.

Treatments
Medical management

The Diabetes Complications and Control Trial (DCCT)
and United Kingdom Prospective Diabetes Study (UKPDS)
demonstrated the importance of glycemic and blood pressure
control in preventing both development and progression of DR
in Type 1 and 2 diabetes [9]. This remains the best approach for
prevention of diabetic retinopathy, and these controls should
be prioritized by both the primary care provider as well as the
ophthalmologist.

Laser therapy

Argon laser photocoagulation is the mainstay of therapy for
focal, non-fovea involving diabetic macular edema [9, 10]. It is
performed in the clinical setting as an outpatient procedure.
Laser was the standard of treatment for DME beginning in
the 1980’s, and remained the benchmark by which all future
treatments were measured until recently. Two landmark studies,
the Diabetic Retinopathy Study (DRS) and Early Treatment of
Diabetic Retinopathy Study (ETDRS) demonstrated the efficacy
of focal laser therapy when applied to non-fovea involving areas
of DME. When compared to observation, focal laser resulted in a
50% reduction in the rate of moderate vision loss at 3 years [11].

One of the major benefits of focal laser compared to the
other treatment modalities discussed in this review is that it is a
noninvasive treatment with patients experiencing minimal, if any
discomfort. These spot scan target any leaking microaneurysms
and are applied in a grid like fashion overlying areas of retinal
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Figure 1a: Early Fluorescein angiogram image of right eye, with punc-
tate areas of hyperfluorescence (arrow) in central macula consistent
with microaneurysms found in diabetic retinopathy.
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Figure 1b: Late Fluorescein angiogram images (9 minutes and 44 sec-
onds after dye injection in same patient) representing larger, brighter
areas of hyperfluoresence (arrow) in the central macula representing
macular edema and leakage.

thickening. The entire procedure lasts approximately 10-15
minutes, and effects of the laser (decrease in macular edema) are
seen approximately 6 weeks afterward. During treatment, care
is taken to avoid the foveal center, as laser burns in this location
would cause scotomas.

Treatment is recommended for macular edema that meets
the criteria for clinical significance,as defined by the ETDRS study
[12]. The mechanism by which focal laser decreases DME remains
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Figure 2a: Optical Coherence tomography of same patient showing dis-
appearance of the foveal pit due to presence of intraretinal fluid with
several intraretinal cysts (arrows).

Figure 2b: Post anti-VEGF injection OCT corresponding cross section of
retina in same patient, with significant improvement of macular edema
and return of foveal depression (arrow head).

unknown, but it is hypothesized that direct photocoagulation
of microaneurysms reduces flow and decreases leakage. In
addition, laser may stimulate the retinal pigment epithelium,
resulting in increased resorption of extracellular fluid [13].
Focal laser can be repeated with caution, should recurrences of
macular edema occur, and can be performed in conjunction with
any of the other treatments for macular edema. While focal laser
remains an excellent treatment option for patients with non-
fovea involving DME and can prevent further vision loss, it does
not necessarily offer the same potential for visual gain associated
with intravitreal therapy [12].

Intravitreal therapy

Intravitreal therapy is the current gold standard of treatment
for cases of focal and diffuse fovea-involving DME. Treatment
patterns for DME with intravitreal injections may vary between
each retina specialist and even between each patient. Some
specialists treat PRN (as needed), and will inject if there is a
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presence of DME on examination. Others will “load” the patient
with a series of 3 monthly injections, followed by a PRN, approach,
or a treat and extend approach - during which a patient is treated
at each subsequent follow up, but intervals between each follow
up gradually increase.

Intravitreal anti-VEGF pathogenesis

Vascular endothelial growth factor (VEGF) is an essential
moderator of blood-retinal barrier breakdown, particularly in
regards to angiogenesis and permeability. Hypoxia resulting from
microvascular occlusion in DR stimulates the release of VEGF to
compensate for lack of perfusion [14]. The finding of elevated
vitreous VEGF levels in patients with DME led to the proposal of
VEGF inhibitors as a potential treatment for DME.

Administration of medications:

Intravitreal injections are administered in the clinical
setting. While each retina specialist may have slight differences
in terms of preparation for an injection, patients can expect to
be in a reclined position, with local anesthesia administered to
the treatment eye in the form of drops, gel, or subconjunctival
injection. A 5% betadine wash is performed, and a lid speculum is
placed to provide adequate exposure. These measures appear to
be effective in limiting the incidence of injection - related infection
(endophthalmitis), with most studies revealing a 1/2000 risk of
this site-threatening complication [15]. The intravitreal injection
is performed 4mm from the limbus conjunctiva) using a 30-gauge
needle on a 1cc syringe. Approximately 0.05 cc of medication
is injected into the center of the vitreous cavity. Patients do
not require a patch after the injection. There is no limit to the
number of injections a patient can receive, and most patients
require multiple injections at intervals as close as 4 weeks.

Bevacizumab (Avastin, Genentech/Roche): Bevacizumab
is a recombinant humanized monoclonal antibody with an
immunogenic Fc fragment that blocks VEGF-A, which was first
FDA approved for treatment of metastatic colorectal cancer. It is
now widely used off-label for the treatment of DME as well as Age
Related Macular Degeneration.

Bevacizumab costs approximately $50 a dose, much less than
its competitor’s ranibizumab and aflibercept (priced at $1800-
2000 a dose). This price difference, as well as the off-label status
of intravitreal bevacizumab for DME, has caused a great deal of
debate amongst retina specialists regarding which should be
used [15]. Unfortunately, at this point we have no head-to-head
trials comparing the 3 medications for DME, although trials,
have found bevacizumab and ranibizumab to have equivalent
visual acuity outcomes in the treatment of age related macular
degeneration[16,17].

Ranibizumab (Lucentis, Genentech): Ranibizumab is a
humanized monoclonal antibody fragment that was engineered
specifically for ophthalmologic use and was approved by the
FDA in 2006 for treatment of age related macular degeneration,
and subsequently for DME and retinal vein occlusions., This
molecule targets VEGF-A with high affinity. Due to its small size
and the fact that it is without an Fc fragment, ranibizumab clears
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from systemic circulation quickly, and is thought to have the
least systemic absorption when compared to the other antivegf
alternatives. Several studies including those by the DRCR net
[18], the RESOLVE study [19], and the RISE and RIDE [20] trials
confirmed ranibizumab’s effectiveness in the treatment of DME,
with resulting visual acuity gains.

Aflibercept (Eylea, Regeneron Pharmaceuticals): The
mostrecently developed of the anti VEGF medications, aflibercept
is composed of key domains from human VEGF receptors 1 and
2 fused to the Fc domain of human immunoglobulin G1. It’s
binding affinity to VEGF-A is 100x greater than bevacizumab or
ranibizumab [16]. Animal studies have shown aflibercept to have
alonger intraocular half -life than bevacizumab and ranibizumab,
potentially allowing for decreased injection frequency [17].
Initially used for exudative age-related macular degeneration,
aflibercept is now FDA approved for use in central and branch
retinal vein occlusions, and as late as 2014, for use in DME.

Which is better? Recently, the 1 year results of Protocole
T, a study comparing the efficacy of previously discussed anti-
vegf agents (Bevacizumab, Ranibizumab, and Aflibercept) were
published in the New England Journal of Medicine [21]. While
it was concluded that all three agents provided patients with
substantial visual acuity improvement within 1 month of use
and over the first year, on average aflibercept offered patients
greater improvement. This improvement however, was relative
to presenting visual acuity. Patients with visual acuity better than
20/40 on presentation showed very little difference in response
to any of the aforementioned agents. Patients with worse initial
vision loss (worse than 20/50) had an advantage when using
aflibercept. As further information arises from more long term
follow up data, adjustments may be made to current treatment
algorithms.

Risks discussed with any intravitreal injection include
mainly the risk of infection, but also risk of vitreous hemorrhage,
inflammation, retinal tears or detachment. All agents also are
absorbed systemically, however ranibizumab, due to its relatively
short systemic half life, is thought to absorb less. This may
influence some ophthalmologists to tailor which agent is used
for each individual patient, given history of recent cardiovascular
health issues (heart attack, stroke, clotting disorders, etc).

The CATT trial [22] specifically found that the rate of infection
between avastin and lucentis when administered as intravitreal
injections was similar (approx. 1/2000). Italso demonstrated that
there were similar rates of death, heart attack, and stroke with
the two medications. It did find that the rates of hospitalization
due to serious events were higher in the group receiving avastin,
but that was unclear if it would have been similar in untreated
patients with similar comorbidities as well.

Corticosteroids: Inflammation has also been shown to play
a significant role in the development of diabetic macular edema
[23]. As a result,corticosteroids with both anti-inflammatory and
anti-VEGF properties have also been utilized in the treatment of
DME][24]. Triamcinolone acetonide can be injected intravitreally
in the form of Kenalog (Bristol-Myers Squibb), Triescence
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(Alcon), or Trivaris (Allergan). Although Triescence and Trivaris
are FDA approved for intravitreal use in treatment of intraocular
inflammation, their use for diabetic macular edema remains off
label.

Ocular side-effects of intravitreal corticosteroid use include
cataract formation and intraocular pressure elevation, which
occur at significantly greater frequency than with intravitreal
anti-VEGF agents [25,26]. Because of these concerns, steroids
have decreased in popularity, and now are used as a second or
third line therapy or in combination with laser or anti-VEGF
agent for refractory cases of DME.

Sustained steroid-releasing intravitreal implants placed in
the clinical setting, are also an option in treating DME. Ozurdex
(Allergan) is a dexamethasone implant that is biodegradable
and lasts for 3-6 months. Insertion technique is similar to that
previously described with intravitreal injections. Studies of
[lluvien (Fluocinolone, Alimera Sciences) have demonstrated
sustained visual acuity gains for 36 months with a single
intravitreal insert [27]. The benefit of decreased dosing intervals
with corticosteroid implants must be balanced with their
associated cataractogenic properties, although they may be an
excellent option in patients who have already undergone cataract
surgery [28]. Intraocular pressure must be carefully monitored
in these patients as one of the most concerning side effects of peri
and intraocular steroid therapy is acute elevations in pressure.

Surgical treatment: Traction from interface abnormalities
between the vitreous and retina have been considered a potential
source of DME, and thus in refractory cases of DME where all
other options have been exhausted, pars plana vitrectomy is
considered. In addition to relieving vitreomacular traction forces,
vitrectomy surgery also increases intraocular oxygen levels and
thus may decrease ischemia driven VEGF secretion [29]. Studies
of vitrectomy surgery with epiretinal and/or inner limiting
membrane peeling have shown decreases in central retinal
thickness and in some cases improved visual acuity outcomes
[30,31]. Though a good option in certain cases, the risk versus
benefit of surgery must be considered.

The Future

There are many exciting ongoing investigations in the field
of diabetic macular edema. New treatments aim to increase
treatment intervals, decrease risks of intravitreal and surgical
procedures, and most importantly improve outcomes for
patients. Topical medications in the form of drops, such as
Dexamethasone-Cyclodextrin, which is a steroid with excellent
intraocular penetration, as well as Mecamylamine, which is an
antagonist of nACh are currently being investigated [32,33].
Subconjunctival injections are also being considered using mTOR
inhibitors such as Sirolimus and rapamycin [34].

Danazol (Optina) is an oral androgen, which has shown to
enhance endothelial barrier function and decrease vascular
permeability in preclinical in vitro studies on human endothelial
cells[35]andis currently being tested in human trials. Intravenous
medications are also under investigation for refractory cases of
diabetic macular edema.
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Conclusions

As the number of patients diagnosed with diabetes continues
to increase, so do the number of patients with macular edema and
visual impairment. Monumental advances have been made in the
recent past that have given patients and ophthalmologists alike
an arsenal of options with which to preserve and improve vision.
Even more promising therapeutic options are on the horizon.
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