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EDIC Epidemiology of Diabetes Interventions and Complications study
H/Ma Hemorrhages and microaneurysms

IRMA Intraretinal microvascular abnormalities

NPDR Nonproliferative diabetic retinopathy
NVD New vessels on the disc

NVE New vessels elsewhere

PDR Proliferative diabetic retinopathy

PKC Protein kinase C

PPV Pars plana vitrectomy

PRP Panretinal photocoagulation (scatter laser treatment)
UKPDS  United Kingdom Prospective Diabetes Study
VCAB Venous caliber abnormalities

VEGF Vascular endothelial growth factor
WESDR  Wisconsin Epidemiologic Study of Diabetic Retinopathy
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Introduction

Diabetic retinopathy (DR) is a microvascular complication that afflicts virtually
all patients who have had diabetes mellitus for more than a decade [1]. Despite
many years of research, there is presently no known cure or means of preventing
DR, and DR remains the leading cause of new-onset blindness in working-aged
Americans [2]. Nationwide clinical trials in the 1980s and 1990s demonstrated
that scatter (panretinal) laser photocoagulation reduces the 5-year risk of severe
vision loss (i.e., best corrected visual acuity of 5/200 or worse) from proliferative
DR (PDR) from as high as 60% to less than 4%. In addition, these trials demon-
strated the efficacy of focal/grid macular laser for treatment of patients with dia-
betic macular edema (DME). Beginning in the early 2000s, availability of
intravitreally delivered vascular endothelial growth factor (VEGF) inhibitors
(anti-VEGF) and steroid therapies further improved visual acuity outcomes in
patients with DME. Anti-VEGF injections have become the primary therapy for
center involving DME with vision loss and also provided an alternative for patients
with PDR, as well as vitreous hemorrhages secondary to neovascularization from
PDR. Vitrectomy surgery, with endolaser photocoagulation as indicated, can fre-
quently prevent further vision loss or restore useful vision in eyes that have non-
resolving vitreous hemorrhage or traction retinal detachment threatening central
vision. Although numerous new therapies are currently in development, until a
prevention or cure for diabetes and diabetic retinopathy is discovered, the keys to
preventing vision loss from DR are regular eye examinations to determine the
need for timely laser photocoagulation or anti-VEGF intervention, and rigorous
control of blood glucose and any accompanying systemic medical conditions,
such as hypertension, renal disease, and dyslipidemias (Fig. 15.1).

This chapter reviews the current understanding of the etiology and pathophysiol-
ogy of DR, the clinical manifestations of the disease, and current guidelines for
appropriate disease management and future treatment strategies.
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Fig. 15.1 Different diabetic retinopathy (DR) severity levels. (Panel a) An eye with no DR and no
macular edema on OCT. (Panel b) Moderate—severe NPDR. The eye has extensive cotton wool
spots, hemorrhages/microaneurysms, and intraretinal microvascular abnormalities (IRMA). (Panel
¢) An eye with high-risk proliferative diabetic retinopathy (PDR). Large areas of neovasculariza-
tion on the disc (NVD) and elsewhere (NVE) along the superotemporal and inferotemporal arcades
are seen. (Panel d) An eye with mild NPDR and diabetic macular edema. The macular area has
areas of retinal swelling and extensive hard exudate (yellow spots) deposition. An OCT B-scan of
the foveal area shows fluid cysts and loss of normal foveal contour

Pathophysiology of Diabetic Retinopathy

Early Studies

Diabetic retinopathy is a highly specific retinal vascular complication of both type
1 and type 2 diabetes. Initial studies [3—5] of DR concentrated on retinal microan-
eurysms, an early clinical sign of retinal disease. Cogan, Toussaint, and Kuwabara
pioneered many of these early investigations to elucidate the pathophysiology of
DR. [3] Microaneurysms were shown to develop bordering areas of occluded capil-
laries with either normal or hyperplastic endothelial linings [5]. Additionally, a loss
of mural cells in the diabetic vessels resulted in outpouchings of the capillary walls.
The retinal microaneurysms appeared to develop from these areas that were defi-
cient in mural cells.
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The relative retinal ischemia common to DR and numerous other retinal vascular
disorders is thought to underlie the development of retinal neovascularization and
edema [6, 7]. In 1948, Michaelson postulated that retinal ischemia initiated the
release of a vasoproliferative factor [6]. This putative vasoproliferative factor
resulted in new vessel growth at the optic disc and other areas of the retina and iris,
and might account for the increased vascular permeability associated with these
disorders. As discussed below, recent studies have greatly increased our understand-
ing of several now-identified vasoproliferative factors.

Studies using experimentally induced diabetes in dogs demonstrated that hyper-
glycemia, characterized by deficient insulin activity, is capable of eliciting DR, even
in animals that do not have hereditary forms of diabetes [8—12]. Engerman’s studies
of alloxan-induced diabetic dogs showed that progression of DR is related to the
level of glycemic control, further underscoring the role of hyperglycemia as the
underlying etiology of DR.

Present Understanding

Multiple investigations of DR have focused on the biochemical basis of the disease.
Studies of numerous biochemical pathways, including the sorbitol pathway,
advanced glycation end products (AGEs), and the protein kinase C (PKC) pathway,
demonstrate that biochemical changes occur in the retina long before clinically evi-
dent abnormalities are observed. These studies suggest that if appropriate novel
therapeutic interventions can be identified, early intervention might prevent or
reverse the microvascular abnormalities associated with diabetic retinopathy.

Numerous studies have focused on the polyol pathway due to the increased flux
through this pathway in the diabetic condition. Aldose reductase is present in the
pericytes of the retinal capillaries and since damage to the pericytes occurs early in
the evolution of DR, the role of aldose reductase in the pathogenesis of DR has been
extensively evaluated. Furthermore, aldose reductase is present in nerve tissue and
induces depletion of myoinositol, leading to a decrease in nerve conduction velocity
in diabetic neuropathy. Inhibitors of aldose reductase have been effective in prevent-
ing damage to the lens, in preventing thickening of retinal capillary basement mem-
branes in diabetic animals, and in improving nerve conduction velocity in patients
with diabetic neuropathy. Thus, it has been postulated that aldose reductase inhibi-
tors may also be able to prevent, delay, or halt the development or progression of
DR. Unfortunately, clinical trials of the aldose reductase inhibitor sorbinil have not
proved clinically effective in preventing the progression of DR. [13, 14]

Additional studies have evaluated advanced glycation end products (AGEs). The
presence of high concentrations of glucose can result in the glycation of numerous
proteins, especially albumin [15]. These glycated proteins adversely affect cellular
and capillary function, structure, and metabolism. Exposure to glycated proteins
induces changes in the glomerulus similar to those observed in diabetes, as well as
changes in the nerves resembling diabetic neuropathy. The effect of AGE in the eye
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is being actively studied. AGE can affect both the neuronal and vascular compo-
nents of the eye, as well as induce numerous growth factors. As such, it may play a
role in the progression of diabetic retinopathy.

Other studies have concentrated on the hyperglycemia-induced activation of pro-
tein kinase C (PKC), which can affect a wide range of vascular functions, including
vascular permeability, contractility, retinal blood flow, and growth factor expression
and signal transduction [16, 17]. Hyperglycemia is known to increase the level of
diacylglycerol (DAG), which is the physiologic activator of PKC. Much of the vas-
cular dysfunction associated with diabetes is thought to be mediated through this
increased action of PKC. There are numerous isoforms of PKC; however, in the
retina, PKC a, B, and 9 are primarily expressed. Investigations have suggested that
the f isoform of PKC is principally associated with the pathology associated with
the diabetic state [18]. In laboratory animals, PKC  selective inhibitors have been
shown to ameliorate renal dysfunction, retinal blood flow abnormalities, vascular
permeability [19], and neovascularization associated with diabetes and diabetes-
like models [20]. In addition, activation of PKC is partially involved in the expres-
sion of critical growth factors, such as vascular endothelial growth factor (VEGF)
[14], which mediates much of the neovascularization and vascular permeability in
the eye. Thus, inhibition of the f§ isoform PKC may possibly block numerous patho-
logical processes in the diabetic condition that result in the vascular dysfunction and
ocular complications associated with DR. Since a PKC f selective inhibitor has
been shown to be well tolerated in animals and ameliorates many of the abnormali-
ties associated with diabetes, these molecules have also been evaluated in clinical
trials. These studies have demonstrated that although PKC beta inhibition using
ruboxistaurin does not prevent the progression of diabetic retinopathy, it may have
a beneficial effect on macular edema and on reducing vision loss and need for laser
therapy for diabetic macular edema [21, 22]. The magnitude of the effect however,
did not support further use in the clinic.

The 50-Year Medalist study at the Joslin Diabetes Center has evaluated over
1000 patients who have survived 50 or more years of insulin-dependent diabetes
[23, 24]. The study has identified a potential factor associated with protection from
advanced DR in this cohort. Retinol binding protein 3 (RBP3) was found at higher
concentrations in retina and vitreous samples from Medalist patients with no to mild
NPDR versus PDR [25]. Data from preclinical studies have since suggested that this
photoreceptor-secreted protein may have effects on the vascular and neural retina
mediated by its binding to GLUT1 receptors and secondary decreased expression of
vascular endothelial growth factor (VEGF).

Genetic Risk Factors

From early concordant twin studies it has been postulated that genetic risk factors
exist between onset, severity, and progression of DR. [26] There has been recent
focus on possibly elucidating these genetic risk factors which may delay or hasten
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the progression to severe PDR. There are published reports on two unique cohorts
of patients with type 1 DM of more than 50 years. A possible genetically deter-
mined protective effect against the development of diabetic nephropathy and large
vessel disease was seen in the Golden Years cohort in the UK [24]. The Joslin
Diabetes Center’s 50-year Medalist cohort has observed that only approximately
50% of type 1 diabetic patients with extreme duration diabetes have developed PDR
despite decades of hyperglycemia [27]. These two cohorts point to a possible genetic
susceptibility or resistance to the development of PDR in these unique cohorts with
extreme durations of diabetes. In addition, common genetic factors may be involved
in the development of PDR and end-stage renal disease among diabetic patients due
to the high degree of concordance of these two complications [28].

Candidate gene approaches look at specific allele or gene variants associated
with disease mechanism. These studies have evaluated a large number of potential
genetic associations with diabetic eye disease but have not yielded consistent of
reproducible results. The best known and most studied is the VEGF gene [29-31].
The most common polymorphism, rs2010963, has yielded inconsistent results with
only one out of four large meta-analyses confirming its relationship with advanced
diabetic retinopathy [32-35]. Studies have identified a specific SNP at the promoter
of the erythropoietin gene, located at 7q21, that is associated with higher rates of
development of severe diabetic eye and kidney complications [36]. Erythropoietin
has previously been shown to be angiogenic in the eye [37]. The promoter polymor-
phism identified [36] results in the formation of an AP1 transcription binding site
with 25-fold increase in promoter activity. Indeed, patients with this polymorphism
have 7.5-fold increased erythropoietin concentration in the vitreous of the eye. One
of the largest studies to look at candidate genes in DR was the Candidate gene
Association Resource (CARe) [38]. Upon evaluating 2691 participants with type 2
DM, the study did not find an association between the commonly studied candidate
genes and DR.

In contrast to the candidate gene approach, genome-wide association studies
(GWAS) explore the entire genome, offering an unbiased approach to all potential
genetic associations [39, 40]. The GWAS approach has been used in many popula-
tions, but results have been variable and most identified variants have not been
reproduced in other populations or independent cohorts [41—44]. Possible reasons
could include relatively small sample sizes in these studies, failure to account for
potential confounders, such as diabetes duration, and a frequent lack of clear defini-
tions for cases and controls [45].

Whole exome sequencing (WES) attempts to overcome some of the limitations
in GWAS by sequencing only the protein coding regions (exons), thereby not
including non-coding regions [46]. There have only been a few studies that have
implemented this technique and future studies with larger cohorts will demonstrate
if an association between specific gene variants and DR can be found using this
approach [47, 48].
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Natural History and Clinical Features of Diabetic Retinopathy
Epidemiology

In 2019, it was estimated that 463 million people worldwide have diabetes [49, 50].
This number is projected to increase to 700 million by 2045. A recent meta-analysis
that included data from 22,896 patients with diabetes found that the overall preva-
lence was 34.6% for any DR, 6.81% for DME, and 10.2% for vision threatening
diabetic retinopathy (combination of moderate NPDR or worse and DME) [51].

Early data from the 1980s suggested that 25% of patients with type 1 and 15.5%
with type 2 DM developed advanced proliferative diabetic retinopathy (PDR) after
15 years of diabetes [52, 53]. Of note, these numbers were reported prior to land-
mark clinical trials establishing the importance of intensive glycemic control on
limiting DM complications both systemically and within the eye. The change in
trend was reflected in a large meta-analysis looking at 27,120 diabetic patients with
10 years or more of follow-up and determined that the 4 and 10 year risk of progres-
sion to PDR was substantially lower in the 1986-2008 cohort compared to the
1975-1985 one [54].

DR is the most frequent cause of new-onset blindness among American adults
aged 20-74 years. In the Wisconsin Epidemiologic Study of Diabetic Retinopathy,
approximately 4% of younger-onset patients (aged <30 years at diabetes diagnosis)
and nearly 2% of older-onset patients (aged >30 years at diabetes diagnosis) were
legally blind. In the younger-onset group, 86% of blindness was attributable to
DR. In the older-onset group, where other eye diseases were also common, 33% of
the cases of legal blindness were due to DR. [55, 56] Rates of blindness and visual
impairment from DR have decreased in some developed countries in the modern era
due to improvements in DR screening programs, patient education, systemic con-
trol, and advances in treatment. However, diabetes-related blindness is still a com-
mon cause of vision loss globally and results in health care costs in the United States
in excess of $500 million annually [57].

Duration of diabetes is closely associated with the onset and severity of
DR. Clinical signs of DR are rare in prepubescent patients with type 1 diabetes, but
nearly all patients with type 1 diabetes and more than 60 percent of patients with
type 2 diabetes will develop some degree of DR after 20 years [55, 56]. In patients
with type 2 diabetes, approximately 20% will have DR at the time of diabetes diag-
nosis, and most will develop some degree of DR over subsequent decades.

Level of glycemic control is another significant risk factor for the onset and pro-
gression of DR. [58—65] Both the Diabetes Control and Complications Trial (DCCT)
and the Epidemiology of Diabetes Interventions and Complications (EDIC) Study
demonstrated a clear and sustained relationship between hyperglycemia and dia-
betic microvascular complications, including retinopathy, nephropathy, and
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neuropathy, among type 1 diabetic patients [58—65] In the DCCT, 1441 patients
with type 1 diabetes who had either no retinopathy at baseline (primary prevention
cohort) or minimal-to-moderate nonproliferative diabetic retinopathy (NPDR) (sec-
ondary progression cohort) were treated by either conventional diabetes therapy
(i.e., one or two injections of insulin daily) or intensive diabetes management (i.e.,
three or more daily insulin injections or a continuous subcutaneous insulin infu-
sion.) The patients were followed for 4-9 years. The DCCT showed that intensive
insulin therapy reduced or prevented the development of DR by 27% as compared
with conventional therapy. Additionally, intensive therapy reduced the progression
of DR by 34-76% and had a substantial beneficial effect over the entire range of
DR. This improvement was achieved with an average 10% reduction in HbA . from
8 to 7.2%. The EDIC study has followed patients enrolled in the DCCT study for
nearly three decades after their original DCCT participation. Participants who had
been assigned to intensive treatment were encouraged to continue, and participants
originally assigned to conventional treatment were advised to change to intensive
treatment. The risk reductions observed in the DCCT between the rates of microvas-
cular complications in the intensive compared to conventional treatment were sus-
tained throughout 18 years of follow-up [60, 66]. These beneficial effects were
achieved despite a continuously narrowing difference in HbA,. between groups
which was not statistically significant by 5 years of follow-up [60]. Furthermore,
over a median follow-up of 23 years, intensive glycemic control was associated with
a 48% risk reduction in diabetes-related ocular surgeries and a 37% risk reduction
in all ocular procedures [67]. This finding underscores the need for intensive diabe-
tes management as soon as it is safely possible which should be sustained with a
target HbA . level of 7.0% or less. Although intensive therapy does not prevent DR
completely, when begun early before microvascular complications are present; it is
effective in significantly reducing the risk of development and progression of DR.
The United Kingdom Prospective Diabetes Study (UKPDS) found similar results
for patients with type 2 diabetes. In the UKPDS, 4209 patients with newly diagnosed
type 2 diabetes who had either no DR at baseline (primary prevention cohort) or
minimal-to-moderate  NPDR (secondary progression cohort) were randomly
assigned to conventional or intensive blood glucose control, using sulfonylureas and/
or insulin. The UKPDS showed that intensive therapy reduced the risk of all micro-
vascular endpoints, including vitreous hemorrhage, retinopathy requiring laser pho-
tocoagulation, and renal failure by 25%. Overall, intensive control resulted in a 29%
reduction in need for laser photocoagulation, a 17% reduction in a two-step progres-
sion of DR, a 24% reduction in the need for cataract extraction, a 23% reduction in
vitreous hemorrhage, and a 16% reduction in legal blindness. This improvement was
achieved with an average 10% reduction in HbA . from 7.9% to 7.0% [68, 69].
Renal disease, as manifested by microalbuminuria and proteinuria, is yet another
significant risk factor for onset and progression of DR. [70, 71] Similarly, hyperten-
sion has been associated with PDR in some studies and may be a risk factor for the
development of macular edema [72, 73]. Both renal retinopathy and hypertensive
retinopathy can be superimposed on DR. Additionally, elevated serum lipid levels
are associated with lipid deposits in the retina (hard exudates) and visual loss [37,
74,75]. Thus, systemic control of blood pressure, renal disease, and serum lipids are
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critically important components in the management of DR. [76] In addition, several
studies suggest that pregnancy in patients with type 1 diabetes patients may aggra-
vate DR. [77-79]

Clinical Findings in Diabetic Retinopathy

Clinical findings associated with early and progressing DR include hemorrhages
and/or microaneurysms (H/Ma), cotton wool spots (CWS), hard exudates (HE),
intraretinal microvascular abnormalities (IRMA), and venous caliber abnormalities
(VCAB), including venous loops, venous tortuosity, and venous beading.
Microaneurysms are saccular outpouchings of the capillary walls. These microan-
eurysms can leak fluid, causing areas of hyperfluorescence on a fluorescein angio-
gram. Ruptured microaneurysms, as well as leaking capillaries and intraretinal
microvascular abnormalities, result in intraretinal hemorrhages. These intraretinal
hemorrhages can be “flame shaped” or spot-like in appearance, reflecting the archi-
tecture of the layer of the retina in which they occur. Flame-shaped hemorrhages are
generally in the nerve fiber layer of the retina, which runs parallel to the retinal
surface. Dot or pinpoint hemorrhages are deeper in the retina, reflecting cells that
are arranged perpendicular to the retinal surface.

Intraretinal microvascular abnormalities are abnormal vessels located within the
retina itself. They may represent either localized intraretinal new vessel growth or
shunting vessels through areas of poor vascular perfusion. It is common for IRMA
to be found adjacent to cotton wool spots, which are feathery lesions in the nerve
fiber layer of the retina resembling the fluffy appearance of cotton. Cotton wool
spots are caused by microinfarcts in the nerve fiber layer. Cotton wool spots in a ring
or partial ring surrounding the optic nerve head are frequently signs of severe renal
disease or hypertension.

Venous caliber abnormalities are a sign of severe retinal hypoxia. Venous caliber
abnormalities can be associated with any of the lesions of NPDR; however, in many
cases of severe retinal hypoxia, distal retinal areas may be free of nonproliferative
lesions due to the extensive vascular loss present. Such “lesion free” areas are
termed “featureless retina.”

Vision loss from DR can result from persistent, non-clearing vitreous hemorrhage,
traction retinal detachment, retina ischemia, and/or diabetic macular edema.
Neovascularization and contraction of the accompanying fibrous tissues can distort
the retina and lead to traction retinal detachment. If a traction retinal detachment
involves or threatens the macula, irreversible severe vision loss may result. Also, the
new vessels may bleed, causing preretinal or vitreous hemorrhage. Pars plana vitrec-
tomy can relieve the traction in cases where vision is threatened and can remove per-
sistent vitreous hemorrhage, often restoring useful vision. The most common cause of
vision loss from diabetes, however, is macular disease and macular edema. Macular
edema is more likely to occur in patients with type 2 diabetes, which represents 90%
or more of the diabetic population. In diabetic macular disease, macular edema or
non-perfusion of the capillaries in the macular area results in the loss of central vision.
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Classification of Diabetic Retinopathy

DR is broadly classified as nonproliferative diabetic retinopathy (NPDR) and pro-
liferative diabetic retinopathy (PDR). The lesions of NPDR include dot and blot
hemorrhages and/or microaneurysms, cotton wool spots, hard exudates, venous
caliber abnormalities, and intraretinal microvascular abnormalities. Based on the
presence and extent of these retinal lesions, NPDR is further classified as mild,
moderate, severe, or very severe NPDR. (Table 15.1) PDR is characterized by new
vessels on the optic disc (NVD), new vessels elsewhere on the retina (NVE),

Table 15.1 Levels of diabetic retinopathy

Non-proliferative Diabetic
Retinopathy (NPDR) Characteristics

Mild NPDR * At least one microaneurysm
* Characteristics not met for more severe DR

Moderate NPDR * Hemorrhages &/or microaneurysms (H/ma) of a moderate
degree (i.e., > standard photograph 2A'") and/or

* Soft exudates (cotton wool spots), venous beading (VB),
or intraretinal microvascular abnormalities IRMA)
definitely presentand

¢ Characteristics not met for more severe DR

Severe NPDR One of the following:

* H/Ma > standard 2A in 4 retinal quadrants

* Venous beading in > 2 retinal quadrants (see standard
photo 6B)

* IRMA in > 1 retinal quadrant > standard photo 8A

e Characteristics not met for more severe DR

Very severe NPDR * Two or more lesions of severe NPDR

* No retinal neovascularization

Proliferative Diabetic Retinopathy | Characteristics

(PDR)
Early PDR * New vessels definitely present

* Characteristics not met for more severe DR
High-risk PDR One or more of the following:

 Neovascularization on the optic disc (NVD) > standard
photo 10 A (i.e., >1/4 to 1/3 disc area)

* Any NVD with vitreous or preretinal hemorrhage

¢ Neovascularization elsewhere on the retina (NVE) >1/2
disc area with vitreous or preretinal hemorrhage

Clinically significant macular edema (CSME)

Any one of the following lesions:

* Retinal thickening at or within 500 microns (1/3 disc diameter) from the center of the macula
* Hard exudates at or within 500 microns from the center of the macula with thickening of the
adjacent retina

* A zone or zones of retinal thickening > 1 disc area in size, any portion of which is at or within
1 disc diameter from the center of the macula

I"Standard photographs refer to the Modified Airlee House Classification of Diabetic Retinopathy
(see reference ETDRS report # 12)
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preretinal hemorrhage (PRH), vitreous hemorrhage (VH), and/or fibrous tissue pro-
liferation (FP). Based on the presence or absence of proliferative lesions, their
severity, and their location, PDR is classified as early PDR or high-risk
PDR. (Table 15.1) Diabetic macular edema (DME) can be present with any level of
diabetic retinopathy and needs to be evaluated in addition to the level of DR. DME
that involves or threatens the center of the macula is termed clinically significant
macular edema (CSME). (Table 15.1) The level of NPDR establishes the risk of
progression to sight-threatening retinopathy and appropriate clinical management
as specifically detailed in Table 15.2.

In elucidating the natural history of DR, the Early Treatment Diabetic Retinopathy
Study (ETDRS) evaluated the risks of progression from no or minimal DR to sight-
threatening PDR. Importantly, the ETDRS showed that certain nonproliferative
lesions, particularly venous beading, intraretinal microvascular abnormalities, and
hemorrhages and/or microaneurysms are significant prognosticators for the devel-
opment of proliferative disease within a 12-month period. Pregnancy, puberty, and
cataract surgery can accelerate these changes.

Table 15.2 Recommended general management of diabetic retinopathy

Risk of Progression to
High-Risk

Level of DR PDR 1 year PDR-5 year F/U (mos)

Mild NPDR 5% 15% 12
* No DME 3-6
¢ Non-ciDME 1
¢ ciDME

Moderate NPDR 12-27% 33% 6-12
* No DME 3-6
* Non-ciDME 1
¢ ciDME

Severe NPDR 52% 60% 34
* No DME 2-4
* Non-ciDME 1
* ciDME

Very severe NPDR 75% 75% 34
* No DME 2-4
¢ Non-ciDME 1
¢ ciDME

PDR < high risk 75% 34
* No DME 2-4
* Non-ciDME 1
¢ ciDME

High-risk PDR 2-4
* No DME 2.4
* Non-ciDME 1
* ciDME

NPDR Non-proliferative diabetic retinopathy, PDR Proliferative diabetic retinopathy, DME
Diabetic macular edema, ciDME Center-involved diabetic macular edema, mos months, Occ
Occasionally, OccAF Occasionally after focal
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Table 15.3 International clinical DR and DME disease severity scales [80]

Diabetic Retinopathy Disease Severity

No apparent DR No abnormalities

Mild NPDR Microaneurysm (ma) only

Moderate NPDR More than ma only but less than severe NPDR
Severe NPDR Any of the following and no PDR:

>20 intraretinal hemorrhages in each 4 quadrants
Definite VB in 2+ quadrants
Prominent IRMA in 1 quadrant

PDR One or more of: NV, VH, PRH

Diabetic macular edema disease severity

DME apparently absent No apparent retinal thickening or HE in posterior pole

DME apparently present Some apparent retinal thickening or HE in posterior
pole

Mild DME—Some retinal thickening or HE in posterior pole but distant from center of the
macula

Moderate DME—Retinal thickening or HE approaching the center of the macula but not
involving the center

Severe DME—Retinal thickening or HE involving the center of the macula

In an effort to standardized classification of DR across international borders and
among different health care providers, leaders from various groups and nations (the
Global Diabetic Retinopathy Project Group) established and promulgated the
Proposed International Classification of Diabetic Retinopathy [80]. (Table 15.3)
This classification identifies three levels of NPDR and one level of PDR. With
regard to macular edema, two major categories—macular edema present and macu-
lar edema absent—are identified. If macular edema is present, three categories are
defined: macular edema not threatening the center of the macula, macula edema
threatening the center of the macula, and macula edema involving the center of
the macula.

Recently, optical coherence tomography (OCT) has become the benchmark to
diagnose and monitor diabetic macular edema. OCT has also been accompanied by
widespread use of intravitreal anti-VEGF and steroid medications to treat
DME. OCT has been used to monitor patient response to injections and drive ther-
apy. Clinical trials exploring the effects of anti-VEGF as well as novel therapeutics
routinely use OCT. As such, current diabetic macular edema classification is based
on central subfield thickness (CST), which is the average thickness of a circular area
1 mm in diameter centered around the center point [81]. A large multicenter study
looking at CST OCT measurements in patients with mild or no DR proposed values
of >320 pm for males and 305 pm for females (approximately 2 SDs above the
average of the normative cohort) to be used to determine the presence or absence of
DME [82]. Of note, these measurements are for the Heidelberg OCT machine and
values are different on other devices [83]. These cut-off values are routinely used in
clinical trials to enroll, treat, and monitor patients. If a patient has CST values
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greater than the cut-off they are deemed to have center involved macular edema
(ciDME), while if edema is present but CST values are below threshold they are
graded as having non-ciDME.

While CST values are diagnostic for ciDME, they are not the only determinant
for treatment. Post hoc analysis by the DRCR Retina Network has found only a
moderate correlation between CST thickness and visual acuity [84]. As such, there
are patients with extensive thickening and excellent VA, while others have mild
thickening and poor VA. Therefore, in current treatment algorithms, both VA and
CST are used to determine initiation, continuance, and deferral of therapy.

Treatment of Diabetic Retinopathy

Overview

Appropriate clinical management of DR was initially defined by five major, ran-
domized, multicentered clinical trials: the Diabetic Retinopathy Study (DRS) [85—
95], the Early Treatment Diabetic Retinopathy Study (ETDRS) [73, 74, 96—-103], the
Diabetic Retinopathy Vitrectomy Study (DRVS) [104-108], the Diabetes Control
and Complications Trial (DCCT) [58, 61-65], and the United Kingdom Prospective
Diabetes Study (UKPDS) [68, 109]. These studies elucidated delivery and proper
timing for laser photocoagulation surgery for the treatment of both DR and
DME [110-115]. They also established guidelines for vitrectomy surgery. The DRS
demonstrated that scatter (panretinal) laser photocoagulation was effective in reduc-
ing the risk of severe vision loss from PDR by 50% or more.

The ETDRS was a multicenter, randomized clinical study designed to test [1]
whether 650 mg of aspirin per day had any effect on the progression of diabetic reti-
nopathy, [2] whether focal laser photocoagulation for macular edema reduced the
risk of moderate vision loss (i.e., a doubling of the visual angle, e.g., 20/20 reduced
to 20/40), and [3] whether scatter laser photocoagulation was more beneficial in
reducing the risk of severe vision loss (i.e., best corrected visual acuity of 5/200 or
worse) when applied prior to the development of high-risk PDR, as defined below.
The ETDRS enrolled 1377 patients at 22 centers nationwide. Major conclusions of
the ETDRS were as follows: [1] a daily dose of 650 mg of aspirin does not prevent
the development of high-risk proliferative retinopathy and does not reduce the risk
of visual loss, nor does it increase the risk of vitreous hemorrhage; [2] focal laser
photocoagulation for diabetic macular edema reduces the risk of moderate visual
loss by at least 50%, from nearly 30% to less than 15%j; and [3] both early scatter
laser photocoagulation and photocoagulation at the time of reaching high-risk PDR
result in significant reduction in the risk of severe visual loss to less than 4%,
although some groups, including those with type 2 diabetes or type 1 diabetes of
long duration, have a greater benefit from early treatment [116]. As mentioned
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above, the ETDRS also clarified the natural history of DR and the risk of progres-
sion of DR based on the baseline level of retinopathy [110-113].(Table 15.1)
Finally, the ETDRS identified specific lesions that placed an eye at high risk for
visual loss [111]. These lesions include H/Ma, VCAB, and IRMA as detailed in
Table 15.1. Based on ETDRS findings, proper diagnosis of the level of DR
(Table 15.2) determines appropriate timing of follow-up evaluation and when to
initiate laser photocoagulation.

The DRVS demonstrated that early vitrectomy was useful in restoring vision for
some persons who have severe vision loss due to vitreous hemorrhage. In addition,
the DRVS demonstrated that persons with severe fibrovascular proliferation were
more likely to obtain better vision, and less likely to have poor vision, when PPV as
performed early. The DRVS demonstrated the value of vitrectomy in restoring use-
ful vision, particularly in patients with type 1 diabetes. The treatment benefits dem-
onstrated in the DRVS, which was completed in 1989, are not totally applicable
today due to dramatic advances in surgical techniques, the advent of endolaser pho-
tocoagulation, and the use of anti-VEGF therapy.

The understanding of the role of growth factors in DR and DME has grown sig-
nificantly over the past decade [29, 117]. Multiple growth factors mediate both the
neovascularization of PDR and the increased permeability associated with
DME. VEGF is believed to be one of the fundamental growth factors involved in
these processes in the eye. This central role of VEGF in the pathogenesis of retinal
neovascularization and vascular leakage has triggered a new paradigm in the man-
agement of retinal disease with pharmacologic agents. Intravitreal injections of
anti-VEGF agents have been shown to inhibit the development of choroidal and
retinal neovascularization and decrease the amount of vascular leakage. These com-
pounds are injected into the vitreous cavity of the eye on a repetitive basis and have
robust and consistent clinical data to demonstrate beneficial activity. The marked
beneficial effect induced by anti-VEGF agents in eyes with severe neovasculariza-
tion of the retina and anterior segment has dramatically improved the treatment of
those cases where the severity of the condition precluded laser treatment [118, 119].
Ranibizumab and aflibercept have been FDA approved for the treatment indications
of DR and DME.

Many of the clinical studies and trials that have shaped clinical care for DR and
DME in the modern era have been performed by the DRCR Retina Network. The
DRCR Retina Network is a National Institutes of Health-sponsored collaborative
network dedicated to multicenter clinical trial research of retinal diseases, includ-
ing DR, DME, and associated disorders. Results of phase 3 clinical trials initiated
and completed by the Network have established anti-VEGF therapy as the standard
of care in the management of DME. They have also established its safety and effi-
cacy in the management of eyes with PDR. These studies have also defined treat-
ment algorithms for the administration of intravitreal medications in both DME and
PDR as well as how to incorporate retinal imaging in the management and care of
patients.
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Proliferative Diabetic Retinopathy
Panretinal Photocoagulation

Both the DRS and the ETDRS demonstrated the value of scatter (panretinal) laser
photocoagulation for treating PDR. In scatter laser photocoagulation, 1200 to 1800
laser burns are applied to the peripheral retinal tissue, focused at the level of the reti-
nal pigment epithelium. Large vessels are avoided, as are areas of preretinal hemor-
rhage. It has been previously thought that treatment should be divided into two or
more sessions, spaced one to two weeks apart with follow-up after 3 months from
completion of the treatment. Evidence from a multicenter prospective, non-
randomized trial has shown that single session PRP may not be as detrimental as
previously thought, and may be the same or even better long term than divided treat-
ment [120].

The response to scatter laser photocoagulation varies. The most desirable effect
is to see a regression of the new vessels. In some cases, there may be a stabilization
of the neovascularization, with no further growth. This response may be acceptable,
with careful clinical monitoring. In some cases, new vessels continue to proliferate,
requiring additional scatter laser photocoagulation. In cases where neovasculariza-
tion continues and does not respond to further laser photocoagulation, vitreous
hemorrhage and/or traction retinal detachment may occur, possibly requiring surgi-
cal intervention with pars plana vitrectomy if vision is threatened. Eyes with high-
risk PDR should receive prompt scatter laser photocoagulation. Eyes approaching
high-risk characteristics (i.e., eyes with PDR less than high risk, and eyes with
severe or very severe NPDR) may also be candidates for scatter laser photocoagula-
tion. Recent progression of the eye disease, status of the fellow eye, compliance
with follow-up, concurrent health concerns, such as hypertension or kidney disease,
and other factors must be considered in determining if laser surgery should be per-
formed in these patients. In particular, patients with type 2 diabetes should be con-
sidered for panretinal photocoagulation prior to the development of high-risk PDR
since the risk of severe visual loss and the need for PPV can be reduced by 50% in
these patients by early scatter treatment, especially when macular edema is pres-
ent [116].

Anti-VEGF Therapy

The DRCR Retina Network Protocol S compared the use of intravitreal anti-VEGF
(ranibizumab) to PRP in the management of PDR. The study demonstrated that
ranibizumab therapy was non-inferior to PRP with regard to visual acuity (VA)
outcomes at 2 and 5 years [121]. Moreover, this trial found that eyes treated with
anti-VEGF had less visual field loss, less need for vitrectomy, and less frequent
development of DME than eyes that received PRP. The effectiveness of intravitreal
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anti-VEGF therapy for PDR was further confirmed by the CLARITY study, which
compared the safety and efficacy of intravitreal aflibercept versus PRP in patients
with active PDR [122]. This trial found that aflibercept treatment resulted in supe-
rior VA outcomes at 1 year compared to PRP.

Patients in DRCR Protocol S were followed for a total of 5 years. Although, aver-
age VA at year 5 was excellent (mean 20/25 in both the ranibizumab and PRP
groups), most patients still required at least 1 injection during year 5 [123]. On aver-
age, patients received 2.9 injections in both years 4 and 5, with a mean total of 19.2
injections over the 5 years [123]. Therefore, the large number of visits and increased
cost associated with anti-VEGF therapy as well as the need for close continued
monitoring to manage recurrences are important factors to consider prior to initiat-
ing therapy [124].

Diabetic Macular Edema
Focal Laser Photocoagulation

Focal laser for CSME has been shown to be effective in reducing the risk of moder-
ate visual loss [125]. In focal laser photocoagulation, lesions from 300 microns to
3000 microns from the center of the macula that are contributing to thickening of
the macula area are directly photocoagulated. These lesions are generally identified
by fluorescein angiography and consist primarily of leaking microaneurysms.
Although fluorescein angiography is generally used to identify treatable lesions for
focal laser photocoagulation, fluorescein angiography is not necessary for the diag-
nosis of CSME.

Follow-up evaluation following focal laser surgery generally occurs after 3 or
4 months. In the cases where macular edema persists, further treatment may be
necessary. Macular laser has a diminished role for treatment of DME in the era of
anti-VEGF therapy, but is still of use in eyes that are not candidates for anti-VEGF
or as adjunctive therapy when edema persists despite intravitreal anti-VEGF
treatment.

Steroid Therapy

Both periocular and intravitreal steroids have been used for the treatment of
DME. To validate the initial findings from small case series and uncontrolled clini-
cal trials, two multicenter randomized prospective clinical trials were undertaken to
address both the effectiveness and safety of both routes of steroid administration.
Peribulbar steroid injections were found to have no significant benefit for the treat-
ment of DME and further study of the approach has been currently abandoned
[126]. The results of a 2-year trial comparing intravitreal steroids to focal laser have
shown that despite an initial rapid reduction in retinal thickness and improvement in
vision with the intravitreal steroid injection, by 1 year the results were no better than
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laser photocoagulation, and after 2 years, the steroid was inferior to the laser treat-
ment in both visual outcome and retinal thickness. In addition, there was an approx-
imately fourfold increase in the rate of intraocular pressure complications and a
fourfold increase in need for cataract surgery in the steroid-treated group [125].
Another large multicenter study compared intravitreal anti-VEGF to macular
laser and intravitreal steroid therapy (Triamcinolone) and demonstrated that
although intravitreal steroids were associated with initial VA gains, this was fol-
lowed by a decrease in mean VA after week 24 [127, 128]. At years | and 2, VA
gains were not significantly different between the steroid group and the laser group
(+1.1 letters and —1.5 letters mean difference at 1 and 2 years, respectively) [127,
128]. These findings may have been due in part to the development of cataracts or
the negative impact of cataract surgery on macular edema in triamcinolone group
eyes. A subgroup analysis in triamcinolone-treated eyes that were pseudophakic at
baseline demonstrated that the visual acuity results were substantially better than
for phakic eyes. Approximately 50% of eyes in the triamcinolone group had an
intraocular pressure (IOP) elevation >10 mmHg from baseline, IOP >30, or initia-
tion of IOP lowering medications at 1 or more visits during 2 years of follow-up. In
addition, 59% required cataract surgery during the 2 years of follow-up. Given these
results, intravitreal steroid therapy is generally regarded as second-line treatment
for most eyes with DME unless they are not candidates for anti-VEGF injections.

Anti-VEGF Therapy

The DRCR Retina Network Protocol I was one the first phase 3 study to compare
the following treatments for ci-DME: intravitreal ranibizumab, intravitreal triam-
cinolone (TA), and macular laser. The study helped establish anti-VEGF as the cur-
rent standard of care in the management of patients with ci-DME. This trial showed
that ranibizumab therapy was highly effective in the treatment of ci-DME, with
patients gaining on average 8 or 9 letters compared to only 3 letters in the laser
group at 1 year [127, 128]. Furthermore, the visual acuity (VA) gains achieved in the
first year with ranibizumab were maintained all through the 5-year follow-up with a
decreasing frequency of injections reaching a median of 0—1 injections in the fourth
and fifth year [129].

The DRCR Retina Network also sought to compare available anti-VEGF medi-
cations and in a large multicenter study (Protocol T) compared the three available
treatments; bevacizumab, ranibizumab, and aflibercept [130]. The study demon-
strated that in patients with a baseline VA of 20/32-20/40, visual outcomes with all
three anti-VEGF medications were similar [130]. In contrast, in patients with a VA
of 20/50 or worse at baseline, aflibercept was associated with significantly more VA
gains and DME resolution compared to both ranibizumab and bevacizumab at
1 year. By the second year, although the differences between aflibercept and ranibi-
zumab decreased and were no longer significant, aflibercept was still superior to
bevacizumab [131].

Because the inclusion criteria for most initial studies of anti-VEGF for DME
required a baseline VA of 20/32 or worse, there were no clear guidelines for patients
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with a VA of 20/25 or better and ci-DME [132]. The DRCR Retina Network Protocol
V explored a strategy of initial observation with anti-VEGF if needed for visual wors-
ening during follow-up, macular laser with anti-VEGF treatment if needed for vision
loss or initial intravitreal aflibercept (anti-VEGF) at baseline in patients with a VA of
20/25 or better and ci-DME on OCT. The study concluded that the rates of visual loss
were similar in all three groups and at 2 years the mean visual acuity was 20/20 in each
group. These findings suggest that for most eyes with good baseline vision despite
ciDME, a strategy of initial observation with subsequent initiation of anti-VEGF if VA
were to decrease is a viable strategy. The subsequent Protocol AC study demonstrated
that a specific form of step therapy using bevacizumab first, followed by aflibercept
when outcomes were suboptimal, resulted in similar visual acuity outcomes to afliber-
cept monotherapy in eyes with moderate visual impairment from CI-DME.

Vitrectomy for Advanced PDR

In cases with vitreous hemorrhage secondary to PDR, a recent randomized con-
trolled trial compared a strategy of intravitreal aflibercept versus immediate vitrec-
tomy with PRP [133]. The study reported there were no significant differences in
mean VA score between both groups at 24 weeks. Eyes assigned to vitrectomy had
faster visual recovery and greater clearance of vitreous hemorrhage over the first
4 weeks of the study. The study thus suggests that both treatment strategies are rea-
sonable approaches to cases of vitreous hemorrhage from PDR that are uncompli-
cated by macula-threatening vitreoretinal traction. However, vitrectomy still
remains the only treatment available to relieve traction that involves or threatens the
center of the macula.

Novel Treatments

Numerous recent advances in our understanding of the basic mechanisms underly-
ing the progression of DR have raised the possibility of novel therapies against the
progression of NPDR, PDR, and DME.

Fenofibrate

Two phase 3 studies of the peroxisome proliferator-activated receptor o medication,
fenofibrate, have suggested that this oral agent may prevent worsening of early
stage DR. The Fenofibrate Intervention and Event Lowering in Diabetes (FIELD)
study randomized 9795 study participants with type 2 diabetes to fenofibrate versus
placebo [134]. The need for laser treatment for DR or DME was significantly lower
in the fenofibrate group (HR 0.69, 95% CI 0.56-0.84, P = 0.0002) [135]. In
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addition, eyes with existing DR at baseline demonstrated a significant reduction in
DR worsening with fenofibrate treatment (3.1% versus 14.6%, P = 0.004). The
Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial subsequently
evaluated ocular-specific outcomes in participants randomized within a 2x2 facto-
rial design to simvastatin in combination with either fenofibrate or placebo [136]. At
4 years, DR worsening was significantly less frequent in the fenofibrate group (6.5%
versus 10.2%, adjusted OR, 0.60, 95% ClI, 0.42-0.86, P = 0.0056). The DRCR
Retina Network is currently conducting a phase 3 trial of fenofibrate versus placebo
for prevention of DR worsening in eyes with mild to moderately severe NPDR.

Plasma Kallikrein Inhibitors (PKI)

Preclinical data has demonstrated that plasma kallikrein contributes to DME devel-
opment through both VEGF-dependent and -independent mechanisms [137, 138].
Although there are several PKI in development, KVDO0OL1 is the furthest one along.
A phase 2 clinical trial compared two doses of intravitreal KVDO001 (6 pg and 3 pg)
with sham injections in patients with ci-DME [139]. There were no significant dif-
ferences between VA gains in the treatment groups vs sham. However, the group
treated with KVDOO1 6 pg had less vision loss than that given sham injections
(32.5% vs. 54.5%, p = 0.042) at 16 weeks. Larger clinical trials are needed to defini-
tively establish efficacy or lack thereof for the indication of DME.

Ang-Tie2 Targeting Drugs

The Tie2 signaling pathway is specific to vascular endothelial cells. Tie2 signaling
is responsible for the maintenance of vascular health, promoting endothelial cell
survival and stability. Angiopoietin 1 (Angl) is a Tie2 agonist, while Ang2 is pre-
dominantly a Tie2 inhibitor. Under conditions of hypoxia and hyperglycemia, Ang2
is upregulated and in turn potentiates the action of VEGF [140-142]. The inhibition
of Tie2 receptors by Ang2 disrupts its pro-vascular stabilizing effects, in turn result-
ing in increased vascular permeability and disruption of vascular structure [143, 144].

There have been many drugs targeting this signaling pathway but the only one
currently in phase 3 clinical trials for DME is faricimab. Faricimab is a bispecific
antibody that binds to both VEGF and Ang2. Recent results from the phase 2
BOULEVARD trial demonstrated that the 6.0 mg faricimab dose demonstrated a
statistically significant gain of vision compared to ranibizumab 0.3 mg (+3.6 letters,
p = 0.03) at 24 weeks [145]. In addition, an observation period from week 24 to
week 36 showed that eyes treated with faricimab had a longer time to re-treatment
compared to ranibizumab. Phase 3 results from the YOSEMITE and RHINE studies
were recently reported as showing non-inferior visual outcomes of intravitreal far-
icimab to aflibercept treatment after 1 year of treatment. Extended dosing with treat-
ment intervals of 16 weeks were achieved by over 50% of study participants treated
with Faricimab [146].
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Photobiomodulation

Photobiomodulation (PBM), or irradiation by light in the far-red (FR) to near-
infrared (NIR) light spectrum (630-900 nm), has recently been explored for the
treatment of DME. In the retina of diabetic mice PBM inhibited the generation of
superoxide and decreased the expression of iNOS and MnSOD [147, 148]. In addi-
tion, PBM decreased vascular leakage and capillary degeneration [149]. Preliminary
human studies enrolling 4 to 10 patients with DME were consistent with a favorable
anatomic response with improvement in edema in PBM-treated eyes and an accept-
able safety profile [150, 151]. However, the DRCR Retina Network Protocol AE, a
phase 2 randomized trial did not find any clinical benefit from PBM versus placebo
in the eyes of patients with ciDME and vision of 20/25 or better.

Conclusions/Summary

Appropriate management of DR and diabetic eye disease requires a thorough
knowledge of both diabetes mellitus and the findings from key multicentered, ran-
domized clinical trials, such as the DRS, ETDRS, DRVS, DCCT, UKPDS, and the
recent trials by the DRCR Retina Network. Accurate diagnosis of DR severity level
is essential to determine appropriate care and follow-up schedules and to assess the
need for timely laser photocoagulation for PDR and DME. Since DR usually causes
no symptoms when it is most amenable to treatment, strategies to reduce the risk of
vision loss must stress the need for regular eye examination, even in patients with
no ocular complaints [152]. (Table 15.4) Currently, patients with type 1 diabetes ten
years of age and older are encouraged to have a comprehensive, dilated retinal eye
examination within three to five years of diagnosis, and at least annually thereafter.
Patients with type 2 diabetes are encouraged to have a comprehensive, dilated eye
examination at the time of diagnosis, and at least annually thereafter. Patients con-
templating pregnancy should have their eyes examined prior to conception when-
ever possible and pregnant women should have their eyes examined early in the first
trimester and each trimester thereafter. In all cases, abnormal findings may require

Table 15.4 Suggested frequency of eye examination

Type of Routine Minimal

Diabetes Recommended first Examination Follow-Up

Type | DM Older than 10 years: 3-5 years after onset of Yearly

diabetes or at puberty

Type 2 M Upon diagnosis of diabetes Yearly

During * Prior to conception for counseling * Each trimester

pregnancy e Early in first trimester * More frequently as
indicated
* 1-2 months
post-partum
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accelerated examination schedules, and the presence of concurrent medical condi-
tions, such as hypertension and renal disease, may also require more frequent ocular
examination and should be aggressively controlled in conjunction with the patient’s
internist or diabetologist.

Our understanding of DR has expanded dramatically in the past 30 years.
Treatment modalities that can substantially reduce visual loss have been developed
and extensively validated; however, these therapies are not yet ideal and active
research is continuing into methods of curing or preventing DR. Until these mile-
stones are reached, current strategies must continue to address the critical need for
regular eye examination, optimal systemic control and prompt, appropriate laser
photocoagulation, intravitreal anti-VEGF therapy, and/or vitrectomy when
indicated.

ADA Guidelines [116, 152]

1. Patients >10 years of age with type 1diabetes should have an initial dilated and
comprehensive eye examination by an ophthalmologist or optometrist within
3-5 years after the onset of diabetes. In general, screening for diabetic eye dis-
ease is not necessary before 10 years of age. Patients with type 2 diabetes should
have an initial dilated and comprehensive eye examination by an ophthalmolo-
gist or optometrist shortly after the diagnosis of diabetes is made.

2. Subsequent examinations for both type 1 and type 2 diabetic patients should be
repeated annually by an ophthalmologist or optometrist who is knowledgeable
and experienced in diagnosing the presence of diabetic retinopathy and is aware
of its management. Examinations will be required more frequently if retinopathy
is progressing.

3. When planning pregnancy, women with preexisting diabetes should have a com-
prehensive eye examination and should be counseled on the risk of development
and/or progression of diabetic retinopathy. Women with diabetes who become
pregnant should have a comprehensive eye examination in the first trimester and
close follow-up throughout pregnancy. This guideline does not apply to women
who develop gestational diabetes because such individuals are not at increased
risk for diabetic retinopathy.

4. Patients with any level of macular edema, severe NPDR, or any PDR require
the prompt care of an ophthalmologist who is knowledgeable and experi-
enced in the management and treatment of diabetic retinopathy. Referral to
an ophthalmologist should not be delayed until PDR has developed in patients
who are known to have severe non-proliferative or more advanced retinopa-
thy. Early referral to an ophthalmologist is particularly important for patients
with type 2 diabetes and severe NPDR, since laser treatment at this stage is
associated with a 50% reduction in the risk of severe visual loss and
vitrectomy.

5. Patients who experience vision loss from diabetes should be encouraged to pur-
sue visual rehabilitation with an ophthalmologist or optometrist who is trained
or experienced in low-vision care.
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