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OBJECTIVES OF PREFERRED PRACTICE
PATTERN® GUIDELINES

As a service to its members and the public, the Hoae Academy of Ophthalmology has developed a&seri
of Preferred Practice Pattern® guidelines thantify characteristics and components of qualityeye care.
Appendix 1 describes the core criteria of qualitg eare.

The Preferred Practice Pattern® guidelines aredbasehe best available scientific data as inteeoréy
panels of knowledgeable health professionals. inesmstances, such as when results of carefullgwcted
clinical trials are available, the data are pattidy persuasive and provide clear guidance. Irothstances,
the panels have to rely on their collective judgtreerd evaluation of available evidence.

These documentprovide guidance for the pattern of practice, not ér the care of a particular

individual. While they should generally meet the needs of mpaséents, they cannot possibly best meet the
needs of all patients. Adherence to these PPPstikknsure a successful outcome in every situafibese
practice patterns should not be deemed inclusial groper methods of care or exclusive of othethuds

of care reasonably directed at obtaining the lestlts. It may be necessary to approach differatmmmts’
needs in different ways. The physician must makeuttimate judgment about the propriety of the adra
particular patient in light of all of the circumataes presented by that patient. The American Acgdgm
Ophthalmology is available to assist members inlvsg ethical dilemmas that arise in the course of
ophthalmic practice.

Preferred Practice Pattern® guidelines are not medial standards to be adhered to in all individual
situations. The Academy specifically disclaims any and all iliofor injury or other damages of any kind,
from negligence or otherwise, for any and all clitmat may arise out of the use of any recommenztr
other information contained herein.

References to certain drugs, instruments, and pttoglucts are made for illustrative purposes only are
not intended to constitute an endorsement of stigbh material may include information on applicasio
that are not considered community standard, ttigicténdications not included in approved U.S. &@md
Drug Administration (FDA) labeling, or that are apped for use only in restricted research settifige
FDA has stated that it is the responsibility of piysician to determine the FDA status of each dmug
device he or she wishes to use, and to use themaywfiropriate patient consent in compliance with
applicable law.

Innovation in medicine is essential to ensure thieré health of the American public, and the Acaglem
encourages the development of new diagnostic ardpleutic methods that will improve eye care. It is
essential to recognize that true medical excellé&heehieved only when the patients’ needs aréaireamost
consideration.

All Preferred Practice Pattern® guidelines areeedd by their parent panel annually or earlier if
developments warrant and updated accordingly. Borerthat all PPPs are current, each is valid fggebs
from the approved by date unless superseded byisiae. Preferred Practice Pattern guidelines aneléd
by the Academy without commercial support. Authams reviewers of PPPs are volunteers and do not
receive any financial compensation for their cdnttions to the documents. The PPPs are externally
reviewed by experts and stakeholders, includingeorer representatives, before publication. The RiP®s
developed in compliance with the Council of MediSakcialty Societies’ Code for Interactions with
Companies. The Academy has Relationship with Ingliigtocedures (available at www.aao.org/about-
preferred-practice-patterns) to comply with the €od

Appendix 2 contains the International StatisticklSSification of Diseases and Related Health Proble
(ICD) codes for the disease entities that this B®Rrs. The intended users of the Diabetic RetitiypPP
are ophthalmologists.
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METHODS AND KEY TO RATINGS

Preferred Practice Pattern® guidelines should inécelly relevant and specific enough to provide
useful information to practitioners. Where evideegests to support a recommendation for care, the
recommendation should be given an explicit rathreg shows the strength of evidence. To accomplish
these aims, methods from the Scottish Intercoltegguideline Network(SIGN) and the Grading of
Recommendations Assessment, Development and Eiaiti@&RADE) group are used. GRADE is a
systematic approach to grading the strength ofata body of evidence that is available to support
recommendations on a specific clinical managenssute. Organizations that have adopted GRADE
include SIGN, the World Health Organization, theeAgy for Healthcare Research and Policy, and the
American College of Physiciaris.
¢ All studies used to form a recommendation for @aeegraded for strength of evidence individualhd a
that grade is listed with the study citation.

« To rate individual studies, a scale based on $liGNsed. The definitions and levels of evidenceate
individual studies are as follows:

I++ High-quality meta-analyses, systematic reviefveandomized controlled trials (RCTs), or
RCTs with a very low risk of bias

I+ Well-conducted meta-analyses, systematic revigflRCTs, or RCTs with a low risk of bias
- Meta-analyses, systematic reviews of RCTs, of ®R@ith a high risk of bias
I++ High-quality systematic reviews of case-cohtsocohort studies

High-quality case-control or cohort studies witheay low risk of confounding or bias and a
high probability that the relationship is causal

I+ Well-conducted case-control or cohort studiethwa low risk of confounding or bias and a
moderate probability that the relationship is causa

- Case-control or cohort studies with a high riglkconfounding or bias and a significant risk that
the relationship is not causal

11 Nonanalytic studies (e.g., case reports, cases)

¢ Recommendations for care are formed based on tiedfdhe evidence. The body of evidence quality
ratings are defined by GRABEs follows:

Good quality Further research is very unlikely bawege our confidence in the estimate of
effect
Moderate quality Further research is likely to hamemportant impact on our confidence in the

estimate of effect and may change the estimate

Insufficient quality Further research is very likeb have an important impact on our confidence in
the estimate of effect and is likely to changedhtémate
Any estimate of effect is very uncertain

+ Key recommendations for care are defined by GRA&&Efollows:

Strong Used when the desirable effects of an intervertiearly outweigh the

recommendation undesirable effects or clearly do not

Discretionary Used when the trade-offs are less certain—eithesse of low-quality evidence

recommendation or because evidence suggests that desirable aeditatnle effects are closely
balanced

¢ The Highlighted Findings and Recommendations faeGaction lists points determined by the PPP
Panel to be of particular importance to vision guédlity of life outcomes.

¢ All recommendations for care in this PPP were ratgdg the system described above. Ratings aredaebe
throughout the PPP main text in italics.

¢ Literature searches to update the PPP were undertalkApril 2018 and June 2019 in PubMed and the
Cochrane Library. Complete details of the literatsearches are available online at www.aao.org/ppp.
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HIGHLIGHTED FINDINGS AND
RECOMMENDATIONS FOR CARE

The prevalence of diabetes is increasing with isiregy industrialization and globalization. Consetlye
the prevalence of diabetic retinopathy and visiomeatening diabetic retinopathy is also expected to
increase. Only about 60% of people with diabete® macommended yearly screenings for diabetic

retinopathy. Referral to an ophthalmologist is ieggiwhen there is any evidence of diabetic retatop.

People with type 1 diabetes should have annuatsirgs for diabetic retinopathy beginning 5 yedisra
the onset of their disease, whereas those with2ygiebetes should have a prompt screening atrtteedf

diagnosis and at least yearly screenings thereafter

Maintaining control of glucose and blood pressoredrs the risk of retinopathy developing and/or
progressing, so patients should be informed ofrtfportance of maintaining good levels of glycosgtht

hemoglobin, and blood pressure.

Patients with diabetes may use aspirin for othatioa¢ indications (as antiplatelet therapy) withant

adverse effect on their risk of diabetic retinogath

Women with diabetes who become pregnant shoul&kéeieed early and closely in the course of the
pregnancy because the disease can progress rapaiever, an eye examination is not required when
gestational diabetes occurs during pregnancy. matieith diabetes have an accelerated rate of titabe

retinopathy progression during puberty and shoelfobiowed more closely.

Intravitreal anti-vascular endothelial growth factanti-VEGF) agents are effective in the treatnant
center-involved diabetic macular edema with vidwss. At this time, laser photocoagulation surgery
remains the preferred treatment for non-centerfiredbdiabetic macular edema and pan-retinal

photocoagulation (PRP) surgery remains the mairistayment for proliferative diabetic retinopatf®DR).
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INTRODUCTION

DISEASE DEFINITION
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Diabetic retinopathy is a common complication ipeyl and type 2 diabetes. Diabetic retinopathy is
the ocular manifestation of end-organ damage ihadis mellitué.Diabetic retinopathy has been
classically considered as a microvascular disebdeeaetina. However, growing evidence suggests
that retinal neurodegeneration is an early evetitérpathogenesis of diabetic retinopathy, which
could contribute to the development of microvascatanormalities. Although defects in
neurosensory function have been demonstrated ienpatvith diabetes mellitus prior to the onset of
vascular lesions, the most common early clinicabjble manifestations of diabetic retinopathy
include microaneurysm formation and intraretinahberhages. Microvascular damage leads to
retinal capillary nonperfusion, cotton wool sp@s,increased number of hemorrhages, venous
abnormalities, and intraretinal microvascular abmalities (IRMA). During this stage, increased
vasopermeability can result in retinal thickeniedéma) and/or exudates that may lead to a loss in
central visual acuity. The proliferative stage tesin proliferation of new vessels on the distinz,
and iris, and in the filtration angle. These newsads then lead to traction retinal detachments and
neovascular glaucoma, respectively. Vision canubstantially impaired in this stage as a result of
capillary nonperfusion or edema in the maculageitts hemorrhage, and distortion or traction retinal

detachment.

A description of the fundus findings in variousgsa of diabetic retinopathy is included in the

Natural History section, and important terms arénee in the Glossary.

PATIENT POPULATION

The patient population includes all patients wiidbétes mellitus.

CLINICAL OBIJECTIVES

Identify patients at risk of developing diabetitimepathy

Encourage a collaborative approach between thergathe primary care physician, and
subspecialists in the management of the patiepst®mic disorder, with specific attention to cohtro
of blood sugar (hemoglobin;fHbAJ]), blood pressure, serum lipids, body weight, el
management of renal disease, coronary artery diSeasl neuropathy

Encourage and provide lifelong monitoring of repathy progression

Treat patients with visual loss or those at rigkvisual loss from diabetic retinopathy

Minimize the side effects of treatment that migthversely affect the patient’s vision and/or vision-
related quality of life

Provide or refer for visual rehabilitation servisglsen a patient has visual impairment from the

disease
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¢ Refer for ophthalmological follow-up for potentialleversable vision loss such as cataracts,
glaucoma, or refractive changes

¢ Develop new technologies for telemedicine improveime

BACKGROUND

INTRODUCTION
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In the United States, an estimated three out ef fisople with diabetes have one or more of the
complications associated with the disea3eo main forms of diabetes mellitus are recognizgghe

1, previously called juvenile-onset or insulin-degent diabetes, is characterized by cellular-
mediated autoimmune destruction of the beta aeltee pancreas and usually leads to severe insulin
deficiency. Type 2 diabetes was previously refetceds adult-onset or noninsulin-dependent
diabetes. Type 2 is characterized by a range ebdisfrom insulin resistance with relative insulin
deficiency to predominately an insulin secretorfedecombined with insulin resistance. Type 2
patients usually have a relative rather than aplatesinsulin deficiency; they may take insulint ye
typically do not need insulin for survivallany patients with type 2 diabetes are obese, aedity

itself causes relative insulin resistance. Betw@&@¥ and 95% of all patients with diabetes have type
2 diabeted.Because of the disproportionately large numberatients with type 2 diabetes, this
group comprises a larger proportion of the diséasden in patients with visual impairment from
diabetic retinopathy, even though type 1 diabetessociated with more frequent and more severe

ocular complication&?®

Prevalence of Diabetes

An estimated 100 million Americans aged 18 yeas@der have either been diagnosed with
diabetes or are prediabetic, according to a 204értdy the Centers for Disease Control and
Prevention (CDC). As reported by the CDC, 30.3iomllAmericans 18 or older have diabetes
(9.4% of people in this age grouf)and about one-quarter are not aware that they thave
diseasé? An additional 79 million persons have impairedifeg blood glucose levels (based
on both fasting blood glucose levels and Hbévels)*? In 2015, an estimated 1.5 million new

cases of diabetes were diagnosed among peoplel&gett oldef’

Rates of diagnosed diabetes increased with agen@individuals 18 to 44 years old, 4% had
diabetes; among those 45 to 64 years old, 17% iadetes; and among those 65 and older,
25% had diabetes. Rates of diagnosed diabeteshigégrer among Native Americans and
Alaskan Natives (15.1%), non-Hispanic blacks (12,78ad Hispanics (12.1%) compared with
Asians (8.0%) and non-Hispanic whites (7.49%).

Rates of prediabetes (HhAevels between 5.7% and 6.4%) are also incredsitds
estimated that 33.9% of US adults 18 or older (&dillion people) have prediabetes based on

their fasting glucose or HbAlevel. Nearly half (48.3%) of adults 65 or oldedprediabete’.
6
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Age-adjusted incidence of diabetes wae times higher for people with less than a higho®l
education (10.4/1000 persons) compared with thagemore than a high school education
(5.3/1000 persons) from 2013 to 2015. Rates ofedeband prediabetes are similarly high
among children and adolescents (younger thad @@mpared with members of other US
racial and ethnic groups, non-Hispanic whites Iedhtighest rate of new cases of type 1
diabetes. Among children and adolescents aged 19,t0.S. minority populations had higher

rates of new cases of type 2 diabetes comparednwitkFHispanic whites.

The 2015 CDC report notes a higher prevalencealfales among American Indians/Alaska
Natives (15.1%), non-Hispanic blacks (12.7%), aadgbe of Hispanic ethnicity (12.1%) than
among non-Hispanic whites (7.4%) and Asians (8.8f%)ng adults aged 18 years or oftfer.
Americans of African descent or Hispanic ethnitigwe a disproportionately high prevalence
of diabetes compared with Americans of Europeaceateq12.6%, 11.8%, 7.0%, respectively),
whereas Asian Americans have only a slightly higitevalence (8.4%Y. Native Americans
and Alaskan Natives had an approximate diabeteslemece of 6.4 per 1000 in 1990 and
increased to 9.3 per 1000 in 1998 (approximate®p 4crease) in children and young adults
under the age of 35 yedfs™> Other research suggests a high prevalence oftémbeAsia’®*’

According to estimates based on data from the OeBsus Bureau, approximately one-third of
Americans are at risk of developing diabetes musilduring their lifetimé® With increasing
industrialization and globalization, there is a @@mitant increasing prevalence of diabetes that
is leading to a worldwide epidemitAn alarming increase in the frequency of typedbdies

in the pediatric age group has been noted in seveuatries,”**%*

including in the United
States, and has been associated with the incréasgency of childhood obesifyDiabetes is
one of the most common diseases in school-agedrehil Clearly, these trends predict an
increase in the number of individuals with diabetssvell as the associated increased costs for
health care and the burdens of disability assatiaith diabetes and its complications. In
addition, there is evidence suggesting that diab#dselops at earlier ages and carries a higher

incidence of complications among ethnic minorit&s.

Prevalence of Diabetic Retinopathy

Diabetic retinopathy is a leading cause of new sa$degal blindness among working-age
Americans and represents a leading cause of blasdnethis age group worldwidéThe
prevalence rate for retinopathy for all adults vdtabetes aged 40 and older in the United
States is 28.5% (4.2 million people); worldwides firevalence rate has been estimated at
34.6% (93 million peopled’>* An estimate of the prevalence rate for vision-éheaing
diabetic retinopathy in the United States is 4.4%% (illion people). Worldwide, this
prevalence rate has been estimated at 10.2% (#8mmpleople)®** Assuming a similar

prevalence of diabetes mellitus, the projectedglemce of individuals with any diabetic
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retinopathy in the United States by the year 2@82®inillion persons, and 1.34 million persons

will have vision-threatening diabetic retinopathy.

The prevalence of diabetic retinopathy increaséls intreasing duration of disease. In the
United States, the prevalence is predicted to as@eas the incidence and duration of diabetes
in the population increases. More than 50% of waeidié visual impairment or blindness from
diabetic retinopathy is estimated to exist in treéaAPacific region (51% of all those with
blindness due to diabetic retinopathy globally [244100], and 56% of those with visual
impairment). Prevalence rates of diabetic retinopat patients with diabetes range from 10%

in India to 43% in IndonesiX.

The Chinese American Study has found slightly loprewvalence rates of diabetic retinopathy
in Chinese American than in Latino type 2 pati€B&8% in Chinese Americans vs. 42.0% in
Latinos). Increasing duration of diabetes was datsat with higher probability of diabetic
retinopathy in Latinos than Chinese Americans, eafegr controlling for other known

predictors’

RISK FACTORS

Duration of diabetes is a major risk factor asseciavith the development of diabetic retinopathy.
After 5 years, approximately 25% of type 1 patiemit have retinopathy. After 10 years, almost 60%
will have retinopathy, and after 15 years, 80% Wille retinopathy’* In the Wisconsin
Epidemiologic Study of Diabetic Retinopathy (WESDB) patients 30 and younger, proliferative
diabetic retinopathy (PDR), the most vision-threatg form of the disease, was present in
approximately 50% of type 1 patients who had tiseate for 20 year81n the Los Angeles Latino
Eye Study (LALES) and in Proyecto VER (Vision, Bvation and Research), 18% of participants
with diabetes of more than 15 years’ duration hB&RPand there was no difference in the percentage
with PDR between those with type 1 and type 2 digi@*’ In the recent Singapore Eye Disease
Study, independent risk factors for any diabetimopathy included Indian ethnicity, diabetes
duration , HbA. , serum glucose , and systolic blood pres3lBgastolic blood pressure , total
cholesterol , and low-density lipoprotein cholestewere associated with lower odds of any diabetic
retinopathy. In a study of First Nations peopl€mnada, HbA and systolic blood pressure were
found to be independent predictors of 2-step pissjoa of diabetic retinopathy (hazard ratio, 1.42;
P<0.0001) and systolic blood pressure (hazard rat% per 10 mm Hg?=0.009)*

Of type 2 patients over the age of 30 who haveaaknduration of diabetes of less than 5 years, 40%
of those patients taking insulin and 24% of thosketaking insulin have retinopathy. These rates
increase to 84% and 53%, respectively, when thatidur of diabetes has been documented for up to
19 years? Proliferative diabetic retinopathy develops in 8#4ype 2 patients who have diabetes for
less than 5 years and in 25% of patients who hiketes for 25 years or mofeComparisons of

information from WESDR and more recent populatiasdxd studies such as Proyecto VER and
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LALES may reflect differences in blood glucose &ygertension management that have occurred

over time.

Blood sugar and blood pressure control are thetagifiable risk factors associated with the
development of diabetic retinopatfySupport for this association is based on bothadgirtrials and
epidemiologic studie&*° There is general agreement that duration of désbend severity of
hyperglycemia are the major risk factors for depilig retinopathy*****Once retinopathy is
present, duration of diabetes appears to be anggstant factor than glycemic control in forecasgti
progression from earlier to later stages of retitbp>*°° It is recommended that a Hpof 7% or
lower is the target for glycemic control in mostipats, whereas in selected patients, there may be
some benefit to setting a lower target of 6 3% fact, an increase in HhAcorresponds to an

increased risk of diabetic macular edema (DNE).

Treatment of hypertension remains important, akfmotine benefits of intensive management of
hypertension is inconclusiv&™ Large studies have suggested that managementuoh sipids may
reduce retinopathy progression and the need fatrrent?®®* There is less agreement among studies
concerning the importance of other factors suchgas type of diabetes, clotting factors, renal
disease, physical inactivity, inflammatory biomageand use of angiotensin-converting enzyme
inhibitors>*°%*%Many of these factors are associated with suliatarstrdiovascular morbidity and
mortality and other complications associated witibdtes. Thus, ophthalmologists should encourage
patients with diabetes to be as compliant as plessiibh therapy of all medical aspects of their

diseasé®™

More recently, lipid-lowering agents have showrpaifive effect on slowing progression of diabetic
retinopathy. In a recent meta-analysis, lipid-lowgragents showed a protective effect on diabetic
retinopathy progression and suggest a possibleegdtisk of developing DME. Despite this, there

was no effect on visual acuity or on the preseri¢end exudate’

There is conflicting evidence that genetics angi@peétic factors may explain differences in
progression rates of diabetic retinopathy betweenms of individuals with similar duration of
diabetes or HbA levels. A study found that mitochondrial genetaplogroups modify the risk for
progression of disease despite similar Hidavel and duration of diabetes. For patients with
haplogroup H, longer diabetes duration and incneggkibA, . level were significant risk factors for
PDR (=0.0001 andP=0.011, respectively). However, for patients widplogroup UK, neither
diabetes duration nor HhAlevel was a significant risk factor for PDRA larger more recent study

looking at the same haplotypes failed to show éisabciatior?

Another genetic study evaluated patients with ¥uktabetes who were carriers of the HMGAL1
rs139876191 variant. Patients with this variant &aignificantly lower risk of developing PDR
compared with noncarrier diabetic patiefitt.is believed that the HMGA1 rs139876191 variant
confers protection by downregulating the expressiovascular endothelial growth factor A in

diabetic retinopathy.
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Metabolic syndrome refers to a group of risk fagtitvat increases the risk for developing heart
disease, diabetes, and strék#&letabolic syndrome has also been found to be &sdowith
microvascular and macrovascular disease in a stfiggtients with type 2 diabetes. More patients
with metabolic syndrome had higher rates of albuma(40.8% vs 21.8%2<0.001), retinopathy
(37.9% vs 28.6%0P<0.001), coronary artery disease (19.4% vs 11880,001), cerebrovascular
disease (5.8% vs 3.2%:=0.014), and an ankle-brachial index of less th&rod of 1.3 or higher

(6.1% vs 3.0%P=0.015)"" There was also a trend for stepwise increasebimanuria, retinopathy,
coronary artery disease, cerebrovascular diseadgqexipheral artery disease corresponding to the
number of metabolic syndrome componentsRdbr trend <0.05). Screening programs for metabolic

syndrome may therefore be helpful in finding paeat higher risk for progression.

In a recent study of 50,254 eyes, baseline feamddevel of nonproliferative diabetic retinopathy
(NPDR) were associated with 5-year progressiordB P Eyes with IRMA had an increased hazard
ratio of developing PDR (hazard ratio, 1.P#0.0013) compared with eyes with venous beadind, an
eyes with 4-quadrant dot-blot hemorrhages had higsle for developing vitreous hemorrhage
(hazard ratio, 3.847=0.0095)"®"° For eyes with PDR, the Diabetic Retinopathy ChhiResearch
Network (DRCR.net) Protocol S study found that vedoaseline levels of PDR were associated with
an increased risk of PDR progressing, regardleseatment with anti-vascular endothelial growth
factor (anti-VEGF) or panretinal photocoagulati®RP) (64% [high-risk PDR or worse] vs 23%
[moderate PDR or better]; hazard ratio, 38%0.001). In the PRP group, eyes receiving patteam s
versus conventional single-spot PRP were at higblkifor worsening PDR (60% vs 39%; hazard

ratio, 2.04;P=0.008), regardless of the number of spots pldted.

NATURAL HISTORY

L 4

* & 6 o o

Diabetic retinopathy progresses in an orderly fasHiiom mild to more severe stages when there is
not appropriate intervention. It is important taagnize the stages when treatment may be most
beneficial. Several decades of clinical researcie govided excellent data on the natural course of
the disease and on treatment strategies that &beeff@ctive in preventing the occurrence of severe
vision loss®® The outcomes of key clinical trials form a soliifdation in support of treating diabetic
retinopathy. The results of these studies are suinethin Appendices 3 and 4. Major studies include

the following (see Glossary):

Diabetes Control and Complications Trial (DCE®)-2

Follow-up study to the DCCT titled EpidemiologyDfabetes Interventions and Complications
(EDIC)*345628384

Diabetic Retinopathy Study (DRSF®

Early Treatment Diabetic Retinopathy Study (ETDE®)

Diabetic Retinopathy Vitrectomy Study (DRV'%)

Wisconsin Epidemiologic Study of Diabetic Retindpa(WESDRY*

Fenofibrate Intervention and Event Lowering in Qit#s (FIELD) studyf

10
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# Action to Control Cardiovascular Risk in Diabet&&CCORD) triaf®
+ Diabetic Retinopathy Clinical Research Network (0RR@et) Protocol I, S, and T studi&®
+ United Kingdom Prospective Diabetes Study (UKP1%)’

The nonproliferative stages of diabetic retinopadtg/ characterized by retinal vascular related
abnormalities such as microaneurysms, intraretiealorrhages, venous dilation, and cotton wool
spots. Increased retinal vascular permeability doatirs at these or later stages of retinopathy may
result in retinal thickening (edema) and lipid dsipo(hard exudates). Clinically significant macula
edema (CSMEIjs a term commonly used to describe retinal thickgand/or adjacent hard exudates
that either involve the center of the macula oedlen to involve it. Patients with CSME should be
considered for prompt treatment, particularly whies center of the macula is already involved or if
retinal thickening and/or hard exudates are vergeto the centdsee Care Process). Clinically
significant macular edema can be divided into geimeolved and non-center-involved macular

edema. (See Glossary.)

As diabetic retinopathy progresses, there is augtaclosure of retinal vessels that results in imguh
perfusion and retinal ischemia. Signs of increagobemia include venous abnormalities (e.qg.,
dilation, beading, loops), IRMA, and more severd axrtensive vascular leakage characterized by
increasing retinal hemorrhages and exudatféhen these signs progress beyond certain defined
thresholds, severe NPDR is diagnosed (see Tab&uth patients should be considered candidates

for treatment with panretinal (scatter) photocoagjah (see Care Process).

TABLE1 DIABETIC RETINOPATHY DISEASE SEVERITY SCALE AND INTERNATIONAL CLINICAL DIABETIC RETINOPATHY DISEASE SEVERITY SCALE

Disease Severity Level Findings Observable upon Dilated Ophthalmoscopy

No apparent retinopathy No abnormalities

Mild NPDR (see Glossary) Microaneurysms only

Moderate NPDR (see Glossary) More than just microaneurysms but less than severe NPDR

Severe NPDR
U.S. definition Any of the following (4-2-1 rule) and no signs of proliferative retinopathy:
e Severe intraretinal hemorrhages and microaneurysms in each of 4 quadrants
¢ Definite venous beading in 2 or more quadrants

¢ Moderate IRMA in 1 or more quadrants

International definition Any of the following and no signs of proliferative retinopathy:
¢ More than 20 intraretinal hemorrhages in each of 4 quadrants
¢ Definite venous beading in 2 or more quadrants

¢ Prominent IRMA in 1 or more quadrants

PDR One or both of the following:
¢ Neovascularization

e Vitreous/preretinal hemorrhage

IRMA = intraretinal microvascular abnormalities; NPDR = nonproliferative diabetic retinopathy; PDR = proliferative diabetic retinopathy
NOTES:

¢ Any patient with two or more of the characteristics of severe NPDR is considered to have very severe NPDR.

* PDR may be classified as high-risk and non-high-risk. See Table 6 for more information.

Adapted with permission from Wilkinson CP, Ferris FL lll, Klein RE, et al. Proposed international clinical diabetic retinopathy and
diabetic macular edema disease severity scales. Ophthalmology 2003;110:1679

11
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The more advanced stage, PDR, is characterizeldebgriset of neovascularization at the inner
surface of the retinand into the vitreous induced by more global rétisehemia. New vessels on or
near the optic disc (NVD) and new vessels elsewimettee retina are prone to bleed, resulting in
vitreous hemorrhage. These new vessels may undiergsis and contraction; this and other fibrous
proliferation may result in epiretinal membranenfiation, vitreoretinal traction, retinal tears, and
retinal detachments. When new vessels are accostphyivitreous hemorrhage, or when NVD
occupy greater than or equal to about one-quartené-third disc area, even in the absence of
vitreous hemorrhage, PDR is considered high-riSke(Glossary)eovascular glaucoma can result
from new vessels growing on the iris and anterdf@nober angle structures. Patients with neovascular
glaucoma or high-risk PDR should receive prompt Parid their treating ophthalmologist could also

consider initiating anti-VEGF therapy (see Carecess and Glossary).

Table 1 classifies diabetic retinopathy by sevdsdaged on clinical findings. The ETDRS
classification (Appendix 5) has clinical signifiaabecause risk of diabetic retinopathy progression
is associated with increasing severity 1¥/8F°3%A higher risk of incident DME in eyes with more

severe levels of baseline NPDR has been reptited.

A study of 2240 youths (21 or younger) with typdidbetes and 1768 youths with type 2 diabetes
evaluated the rates of diabetic retinopathy devakn between type 1 and type 2 diabefiéRates
of developing diabetic retinopathy were 20.1% fqret 1 and 7.2% for type 2 over a median follow-
up time of 3.2 and 3.1 years, respectively. Suhduaves demonstrated that type 1 patients
developed diabetic retinopathy faster than typedhs P<0.0001). The hazard for diabetic

retinopathy increases with increasing HHAI

12
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1
CARE PROCESS

2 The care process for diabetic retinopathy incliaesedical history, a regular ophthalmologic exaramaor

3  screening of high-quality retinal photographs digrats who have not had previous treatment foretiab

4 retinopathy or other eye disease, and regulardslip. The purpose of an effective screening progsata

5 determine who needs to be referred to an ophthalygilfor close follow-up and possible treatment] a

6  who may simply be screened annually. Early deteatioretinopathy depends on educating patients who

7 have diabetes, as well as their family, friends] ealth care providers, about the importance gilex eye

8 examination even though the patient may be asymgtiomn lay terms, patients must be informed thay

9 may have good vision and no ocular symptoms buttkiey may still have significant disease that iseed
10 treatment. They should be educated that earlynrestt works best and that is why they need to refturan
11 annual eye examination, even when their visioromsdgndividuals with type 2 diabetes mellitus without
12 diabetic retinopathy should be encouraged to havenaual dilated eye examination to detect thetarfse
13 diabetic retinopathy/“*°**?qndividuals with type 1 diabetes mellitus withali@betic retinopathy should
14  have annual dilated eye examinations beginninggBsyafter the onset of diabefé4* The recommended
15 timing of the first ophthalmic examination and sedpsent follow-up examinations for patients withbdites
16 is listed in Table 2 and described in the Managérsection.
17

TABLE 2 RECOMMENDED EYE EXAMINATIONS FOR PATIENTS WITH DIABETES MELLITUS AND NO DIABETIC RETINOPATHY

Diabetes Type Recommended Initial Evaluation Recommended Follow-up*
Type 1’ 5 years after diagnosis™* Yearly*
Type 2’ At time of diagnosis"**? Yearly**'?
Pregnancyt Soon after conception and early in the first ¢ No retinopathy to mild or moderate NPDR: every 3—12
(type 1 or type 2) trimester' "% months'*"*

 Severe NPDR or worse: every 1-3 months'>**%

18 NPDR = nonproliferative diabetic retinopathy

19 * Abnormal findings may dictate frequent follow-up examinations.

20 ‘Pubertal patients require increased vigilance due to increased risk of progression

21 *Women who develop gestational diabetes do not require an eye examination during pregnancy and do not appear to be at increased
22 risk for diabetic retinopathy during pregnancy.

23 *%

24

25 Maintaining near-normal glucose levels and nearmabiblood pressure lowers the risk of retinopathy
26  developing and/or progressifitfi*“¢°81?%0 patients should be informed of the importarfaeaintaining
27 good glycosylated hemoglobin levels, serum lipaty] blood pressure. Aspirin may be used by diabetic
28 patients for other medical indications without cemcthat the aspirin therapy will worsen diabetic

29  retinopathy or worsen a vitreous hemorrhage shibwldcur?’*28

13
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PATIENT OUTCOME CRITERIA

Patient outcome criteria include the following:

¢ Improvement or stabilization of visual function

¢ Improvement or stabilization of vision-related qtyadf life

¢ Optimal control of blood glucose, blood pressurel ather risk factors through close communication

with the patient’s primary care physician on thats$ of the diabetic retinopathy and the need for

optimal metabolic control

DIAGNOSIS

The initial examination for a patient with diabetasllitus includes all features of the compreheasiv

adult medical eye evaluatidf?, with particular attention to those aspects relevawdiabetic

retinopathy.

History

* & o o

An initial history should consider the followingeshents:

Duration of diabeté§>413°

Past glycemic control (Hbg)>*8213°

Medications

Medical history(e.g., obesity, renal disea¥¢? systemic hypertensiofl;** serum lipid level$®*

pregnancy?3**

neuropathy)
Ocular historye.g., trauma, other eye diseases, ocular injestgurgery, including retinal laser

treatment and refractive surgery)

Examination

* & o o

The initial examination should include the followielements:

Visual acuity*

Slit-lamp biomicroscopy

Intraocular pressure (IOP)

Gonioscopy before dilation, when indicated. Iri@veescularization is best recognized prior to
dilation. When neovascularization of the iris ieggnt or suspected, or if the IOP is elevated,
undilated gonioscopy can be used to detect neolag&ation in the anterior chamber angle.
Pupillary assessment for optic nerve dysfunction

Thorough fundoscopy, including stereoscopic exatitinaf the posterior pofé

Examination of the peripheral retina and vitreous

A dilated pupil is preferred to ensure optimal ex@ation of the retina, because only 50% of
eyes are correctly classified for the presencesandrity of retinopathy through undilated

pupils® Slit-lamp biomicroscopy is the recommended meticoelvaluate retinopathy in the

14
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posterior pole and midperipheral retina with a I¥8D len$® Examination of the peripheral

retina is best performed using indirect ophthalrpgor slit-lamp biomicroscopy.

Because treatment is effective in reducing the afskisual loss, a detailed examination is

indicated to assess for the following features tif@n lead to visual impairment:

¢ Macular edema
¢ Signs of severe NPDR (extensive retinal hemorrhagesaneurysms, venous beading, and
IRMA)

¢ Optic nerve head neovascularization and/or neolaszation elsewhere
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Vitreous or preretinal hemorrhage

Examination Schedule

Type 1 Diabetes

Many studies of patients with type 1 diabetes hraperted a direct relationship between
the prevalence and severity of retinopathy anditiration of diabete®:******The
development of vision-threatening retinopathy i ia children prior to puberty**¢
Among patients with type 1 diabetes, substanttahopathy may become apparent as early
as 6 to 7 years after onset of the diséa&phthalmic examinations are recommended
beginning 5 years after the diagnosis of type beties and annually thereafter, which will
detect the vast majority of type 1 patients whainemtherapy**** Patient education about
the visual impact of early glucose control is intpat and should begin with the onset of

disease.

Type 2 Diabetes

The time of onset of type 2 diabetes is often cliffi to determine and may precede the
diagnosis by a number of yedf§Up to 3% of patients whose diabetes is first désgnl at
age 30 or later will have CSME or high-risk featuad the time of the initial diagnosis of
diabetes” About 30% of patients will have some manifestatibdiabetic retinopathy at
diagnosis. Therefore, the patient should be redeioeophthalmologic evaluation at the

time of diagnosi§?'#

Diabetes Associated with Pregnancy

Diabetic retinopathy can worsen during pregnanay/tuthe physiologic changes of
pregnancy itself or changes in overall metabolictia.*****Patients with diabetes who
plan to become pregnant should have an ophthalrieodo@mination prior to pregnancy
and counseled about the risk of development aqatémgression of diabetic retinopathy.
The obstetrician or primary care physician shoalefully guide the management of the
pregnant patient with diabetes’ blood glucose, thlpessure, as well as other issues
related to pregnancy>*?*During the first trimester, an eye examinationutide
performed with repeat and follow-up visits scheduldepending on the severity of

15
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retinopathy. (See Table 2.) Women who develop tjesal diabete's® do not require an
eye examination during pregnancy and do not appdae at increased risk for diabetic

retinopathy during pregnancy.

After the examination, the ophthalmologist shotiktdss the results and their implications
with the patient. Both eyes should be classifiezbading to the categories of diabetic
retinopathy and macular edema discussed in therdldtiistory and Treatment sections.
Each category has an inherent risk for progresaimhis dependent upon adherence to
overall diabetes control. Thus, the diagnosticgatg combined with the level of diabetes

control, determines the timing for both the intertven and follow-up examination.

Diabetes in Puberty
Patients with diabetes have an accelerated rat@bétic retinopathy progression during
puberty. This relative risk has been reported td.Ben pubescent patients compared with

their prepubescent counterparts despite similaatiurs of diabetes mellitdé®

Ancillary Tests

* & 6 o o

If used appropriately, a number of tests anciltarthe clinical examination may enhance

patient care. The most common tests include thevioig:

Color and red-free fundus photography
Optical coherence tomography (OCT)
Fluorescein angiography (FA)

OCT angiography®**?

B-scan ultrasonography

Color Fundus Photography

Fundus photography (with or without pupillary didat) is a reproducible technique for
detecting diabetic retinopathy and has been uskttde clinical research studies. Fundus
photography is also useful for documenting the sgvef the diabetes, the presence of
new vessels elsewhere in the retina and NVD, thgorese to treatment, and the need for

additional treatment at future visits.

Optical Coherence Tomography

Optical coherence tomography provides high-resmiuitnaging of the vitreoretinal
interface, neurosensory retina, and subretinalesgacan be used to quantify retinal
thickness, monitor macular edema, identify vitreouatar traction, and detect other forms
of macular disease in patients with DME2*®(See Table 3.) Large clinical trials testing
anti-VEGF treatment have utilized OCT rather thimessscopic photographs or clinical
examination to evaluate and follow macular ederatustbecause it allows an objective,
accurate assessment of the amount and locatiarinar thickening***9**3In clinical
practice, decisions are often based on OCT findiRgs example, the decision to treat with
16
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anti-VEGF injections, change therapeutic agents,(etraocular corticosteroids), initiate
laser treatment, or even consider vitrectomy syrggeoften based in part on OCT findings.
Nevertheless, retinal thickness, even when measqiy&I{CT, is not always consistently
correlated with visual acuity**>*Optical coherence tomography can demonstrate the
microstructural changes secondary to ischemia. bbsmer retinal layers at the fovea with
high-resolution spectral-domain OCT has been shovaorrelate with vision loss in eyes

with diabetic macular ischemia.

TABLE 3 UsEe oF OpTICAL COHERENCE TOMOGRAPHY FOR DIABETIC RETINOPATHY

Usually Occasionally
To evaluate unexplained visual acuity loss
To detect, quantify and monitor DME L]
To identify areas of vitreomacular traction [ )
To evaluate patients with difficult and/or questionable examinations for DME ([ ]

To investigate other causes of macular swelling

To screen a patient with no or minimal diabetic retinopathy

9
10

11

12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27

DME = diabetic macular edema

Fluorescein Angiography

Routine FA is not indicated as a part of the regel@mination of patients with diabetes.
Clinical examination, OCT, and/or FA are used ia diagnosis of macular edema and
PDR. As the use of anti-VEGF agents and intraoaugaticosteroids has increased for the
treatment of macular edema, the use of focal sweyery has decreased. Therefore, the
need for angiography that localizes leaking miceampsms or areas of capillary dropout

has also declined.

Nevertheless, FA is useful to differentiate diabatiacular swelling from other macular
disease or for a patient with unexplained visiasldSee Table 4.) Angiography can
identify macular capillary nonperfusibfi appearing as enlargement of the foveal
avascular zone or anywhere in the macular regi@nasxplanation for vision loss that is
unresponsive to therapy. Fluorescein angiographyatso detect areas of untreated retinal
capillary nonperfusion that could explain persistetinal or disc neovascularization after
previous scatter laser surgery. Advances in wittefféd have shown improved detection

of peripheral ischemia and peripheral lesions uidiclg neovascularization that may not be
t:!.57

clinically apparent.”” Thus, FA remains a valuable tool, and facilitiesdonducting FA

should be available to physicians who diagnosetiaad patients with diabetic retinopathy.

17
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TABLE 4  UsE OF FLUORESCEIN ANGIOGRAPHY FOR DIABETIC RETINOPATHY

Situation Usually Occasionally Never
To guide laser treatment of CSME .

To evaluate unexplained visual loss .

To identify suspected but clinically obscure retinal neovascularization .

To rule out other causes of macular swelling .

To identify large areas of capillary nonperfusion .

To evaluate patients with difficult and/or questionable examinations for
DME

To screen a patient with no or minimal diabetic retinopathy

CSME = clinically significant macular edema; DME = diabetic macular edema

An ophthalmologist who orders FA must be awaréheffiotential risks associated with the

procedure, because severe medical complicationsoe@y, including death in about

1/200,000 patient§? Each angiography facility should have in placearergency care

plan and a clear protocol to minimize the risks smthanage complications. Fluorescein

dye crosses the placenta into the fetal circuldfidbut detrimental effects of fluorescein

dye on a fetus have not been documented.

Optical Coherence Tomography Angiography

The use of OCT angiography (OCTA) has added a regpgctive on our understanding of

diabetic retinopathy. Although the technology isA8pproved, the guidelines and

indications for use during screening and managewfedinibetic retinopathy are currently

evolving. The major advances offered by OCTA hagerhits noninvasive nature and the

ability to visualize depth-resolved, capillary-léadnormalities in the three retinal

plexuses, offering a much more quantitative assessof macular ischem

?59-142,160-163

Even though the technology is very effective atrding vascular abnormalities, including

neovascularization on the surface of the retinaagpit nerve, it is not capable of

visualizing leakage, which could be construed aside limitation, though it permits a

much better unperturbed view of the underlying ésnta’®*®° Using this technique

preclinical microvascular changes can be dete®edegions of macular nonperfusion can
be quantified, where studies have shown that ndmgien correlates to severity of diabetic
retinopathy*°*®?and retinal neovascular tissue can be identfietf®The current
limitations include projection artifacts and thekaf consensus on segmentation
algorithms!®**"°They should also include a reduced field of viesujch limits the view of
peripheral retinal ischemia and neovascularizatioless the clinicians use image

montages/**"

Ultrasonography

18
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Ultrasonography is an extremely valuable diagndsiit that enables assessment of the
status of the retina in the presence of a vitrémmsorrhage or other media opacity. It can
be used to assess the amount of vitreous hemoramah® define the extent and severity of
vitreoretinal traction and diagnose diabetic rdtdetachments in the setting of media

opacity.

MANAGEMENT

Untreated diabetic retinopathy and its accompanyisgal loss result in a substantial economic
burden on patients, their family and society. Tmeait with laser, anti-VEGF agents, or intravitreal
corticosteroids is cost-effective for managing dibretinopathy to varying degre¥$"*Choice of
laser, individual anti-VEGF agents, or approvedanvitreal corticosteroids should be individually

tailored based on discussion between the patiehphysician.

Management of diabetic retinopathy includes follogva healthy diet and lifestyle, medical
management, timely ophthalmic evaluation, and tneat under the care of an ophthalmologist.
Because patients with diabetes may be under tieeofamultiple practitioners, effective
communication and care coordination is necessapptimize care’® Physicians and patients need to
be educated and informed of the need for ophthaleiéral and routine surveillance. Finally,
patients need to understand that current treatnodiets require multiple visits and evaluations over

time for adequate delivery of therapeutic effect.

Prevention of Diabetic Retinopathy

A healthy diet and lifestyle that includes exer@se weight control may decrease the risk of
developing diabetes in some patiefits’®The visual complications of diabetes mellitus aan
least be moderated by a healthy lifestyle; howediahetes complications simply cannot be

prevented in all cases.

The DCCT showed that the development and prognesdidiabetic retinopathy in patients
with type 1 diabetes can be delayed when the jHisfoptimized™* (See Appendix 4.)
Establishing a close partnership between the ophtiagist and the primary care physician is
an important step to ensure optimal patient canghErmore, it is important to help educate
patients with diabetes as well as their primarg gdrysician about the ophthalmologic
implications of controlling blood glucose (as monéd by HbA.) to as near normal as is safely
possible. Results from multiple studies have detnatesl the value of controlling blood
glucose, serum lipid levels, and blood pressugatients with type 2 diabetes. (See Appendix

4 for further information.)

The ETDRS found that aspirin therapy at a doseb0freg per day does not slow the
progression of diabetic retinopatty.Also, any aspirin therapy did not cause more sever
more frequent, or longer-lasting vitreous hemorgsaig patients with PDE® As such, aspirin

appears to be neither helpful nor harmful in thexagement of diabetic retinopathy. Therefore,
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no recommended changes in medically administengidimsherapy are indicated in the setting

of diabetic retinal disease.

Early Detection of Diabetic Retinopathy

Diabetic retinopathy may be asymptomatic for yeaven at an advanced stage, so screening,
using new technologies such as telemedicine, enéis$ to identify, monitor, and guide the
treatment of disease. When visual complicationsigdceatment preserves visual function and
is believed to yield a substantial cost savingswtmmpared with the direct costs for
individuals disabled by vision loss (see SocioecoicdConsiderations section). According to
the National Committee for Quality Assurance’s He&llan Employers Data Information Set
System, national monitoring of quality data hasvaiha slow but definite trend toward
improving rates of screening examinatiofisStill, screening rates remain lower than ideal in
spite of evidence supporting the effectivenesseattiment. Physicians who care for patients
with diabetes, and patients themselves, need &albeated about indications for

ophthalmologic referral. (See Table 5.)

TABLES5 INITIAL MANAGEMENT RECOMMENDATIONS FOR PATIENTS WITH DIABETES

Severity of Retinopathy Presence of Follow-up Panretinal Focal and/or Intravitreal Anti-VEGF
Macular Edema (Months) Photocoagulation Grid Laser* Therapy
(Scatter) Laser

Normal or minimal NPDR No 12 No No No
Mild NPDR No 12 No No No
NCI-DME 3-6 No Sometimes No
CI-DME" 1* No Rarely Usually
Moderate NPDR No 6_121 No No No
NCI-DME 3-6 No Sometimes Rarely
CI-DMEf 1% No Rarely Usually
Severe NPDR No 3-4 Sometimes No Sometimes
NCI-DME 2-4 Sometimes Sometimes Sometimes
CI-DME" 1* Sometimes Rarely Usually
Non-high-risk PDR No 3-4 Sometimes No Sometimes
NCI-DME 2-4 Sometimes Sometimes Sometimes
cl-oMEe" 1* Sometimes Sometimes Usually
High-risk PDR No 2-4 Recommended No Sometimes”™"®
NCI-DME 2-4 Recommended Sometimes Sometimes
c|.D|\/|Ef 1* Recommended Sometimes Usually

Anti-VEGF = anti-vascular endothelial growth factor; CI-DME = center-involved diabetic macular edema; NCI-DME = noncenter-involved
diabetic macular edema; NPDR = nonproliferative diabetic retinopathy; PDR = proliferative diabetic retinopathy

* Adjunctive treatments that may be considered include intravitreal corticosteroids or anti-VEGF agents (off-label use, except
aflibercept and ranibizumab). Data from the Diabetic Retinopathy Clinical Research Network in 2011 demonstrated that, at 2 years
of follow-up, intravitreal ranibizumab with prompt or deferred laser resulted in greater visual acuity gain and intravitreal
triamcinolone acetonide plus laser also resulted in greater visual gain in pseudophakic eyes compared with laser alone."®
receiving the intravitreal injections of anti-VEGF agents may be re-examined as early as 1 month following injection.

Individuals

For patients with good visual acuity (20/25 or better) and CI-DME, there is no difference between observation plus aflibercept if
visual acuity decreases, focal laser plus aflibercept if visual acuity decreases, or anti-VEGF treatment. It is appropriate to defer
treatment until visual acuity is worse than 20/25."*° Exceptions include hypertension or fluid retention associated with heart failure,
renal failure, pregnancy, or any other causes that may aggravate macular edema. Deferral of photocoagulation for a brief period of
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medical treatment may be considered in these cases.”®" Also, deferral of NCI-DME if visual acuity is excellent (better than 20/32),

close follow-up is possible, and the patient understands the risks.

i Or at shorter intervals if signs approaching those of severe NPDR appear.
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Analyses from two clinical trials show that treatrhéor diabetic retinopathy may be 90%
effective in preventing severe vision loss (visaelity <5/200) using current therapeutic
treatment strategié8 Although effective treatment is available, fewatients with diabetes are
referred by their primary care physicians for oplitic care than would be expected according
to guidelines by the American Diabetes Associatind the American Academy of
Ophthalmology® In two community-based studies, 43% to 65% ofipipants had not

received a dilated eye examination at the timenodlement:®+%?

The purpose of an effective screening program ifabbetic retinopathy is to determine who
needs to be referred to an ophthalmologist forecfolow-up and possible treatment and who
may simply be screened annually. Some studies $tamen that screening programs using
digital retinal images taken with or without dilati may enable early detection of diabetic
retinopathy along with an appropriate refeffat-**Optical coherence tomography appears to
be an effective and sensitive imaging tool for diég DME as long as there are no other

causes for cystoid macular edetia®(1+, Good quality, Strong recommendation)

Studies have found a positive association betweeticgpating in a photographic screening
program and subsequent adherence to receiving meaded comprehensive dilated eye
examinations by a clinicialt***>Of course, such screening programs are more relexzen
access to ophthalmic care is limité&**°Screening programs should follow established
guidelinest?® Given the known gap in accessibility of direct tgimologic screening, retinal
imagining screening programs may help increaseltaces that at-risk individuals will be

promptly referred for more detailed evaluation amhagement.

Medical and Surgical Management

Management recommendations for patients with dexbate described according to severity of
the retinopathy as well as the presence and typMiE. Diabetic macular edema should be
classified as either center-involved (CI-DME) onrenter-involved DME (NCI-DME).
Follow-up recommendations and treatment optionedbas severity of disease are summarized
in Table 5. Diabetic macular edema can be presedit stages of diabetic retinopathy.
Clinicians need to consider certain treatment atdgons when deciding treatment options. For
example, DME can worsen following PRP for PE¥RThere have been case reports of
idiosyncratic macular edema that is temporally eiséed with use of the glitazone class of oral
antihyperglycemic agent&>'®Alternatively, the severity of diabetic retinopgitan improve

in eyes receiving treatment with anti-VEGF treatirfen DME.?*>*®' Table 5 provides guidance
for managing of patients with diabetes; howevetivitual patient needs may vary. Table 6

summarizes the side effects and complications @tsdcwith currently available treatments.
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Diabetic Macular Edema

Historically, CSME is defined by the ETDRS to indtuany of the following features:

Thickening of the retina at or within 500 um of ttenter of the macula

Hard exudates at or within 500 um of the centehefmacula, when associated with
adjacent retinal thickening. (This criteria does agply to residual hard exudates that
remain after successful treatment of prior retthadkening.)

A zone or zones of retinal thickening 1 disc areamer, where any portion of the
thickening is within 1 disc diameter of the cerdéthe macula

Because the risk of visual loss is greatest if reacedema is at the center of the macula
DME is now subdivided as either center involvettDBME) or noncenter-involved (NCI-
DME) . OCT is the best way to detect and quanti@t®ME and recent clinical trials
have required CI-DME as inclusion criteria. A Ditibdretinopathy Clinical Research
Newtwork (DRCR.net) study determined a reasondbtecal threshold for CI-DME was a
central macular thickness 2 standard deviationgeabite normative study population of
diabetics without macular edertfaChanges in central macular thickness measurements
based on OCT is a useful marker for assessing msgpo treatment. Treating
ophthalmologists should be familiar with relevaiitdées and techniques as described in
the ETDRS, trials under the guidance of the DRCRPmetocol trial?* and other studies

involving anti-VEGF treatmerft**°

Treatment Deferral

Patients commonly present with good visual acuitspite the presence of CI-DME. An
estimated 40% of eyes with DME in the ETDRS hadiaisicuity of 20/20 or bettéf®
Studies that have demonstrated the benefit of\élaG+ therapy for CI-DME required
visual acuity loss (20/32 or wors&}:******DRCR Protocol V found that in eyes with
CI-DME and visual acuity of 20/25 or better, theras no difference in visual acuity
loss in eyes treated with aflibercept, focal |ggestocoagulation with aflibercept if
visual acuity decreased per criteria, or obsermatith aflibercept if visual acuity
decreased per critertd The visual criteria for adding aflibercept to theer or
observation strategy were a decrease from badajia¢ least 10 letters (>2 lines on an
eye chart) at any one visit or by 5 to 9 letterso(2 lines) at two consecutive visits.
After 2 years, all three strategies resulted innmésaual acuity of 20/20 and the central
subfield thickness on OCT did not significantly nga compared with baseline. In eyes
with good visual acuity and CI-DME, treatment iasenably deferred until the visual
acuity is affected (20/30 or worse). These patishtaild be examined every 2 to 4

months®

Anti-Vascular Endothelial Growth Factor Therapy
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Multiple, high quality clinical trials have demorated that anti-VEGF therapy is more
effective in improving vision in CI-DME than monatapy with focal laser treatment,
supplanting it as the first-line therafip*1°0:156187.189.19628¥jith 3 monthly or a
protocol-driven strategy such as DRCR.net studiés anti-VEGF, eyes with vision
worse than 20/32 or worse due to CI-DME gained radadilines of vision at 2 years
compared with stabilization of vision with focaétment alone. This was demonstrated
with ranibizumab, bevacizumab, and afliberceptighiicant portion of patients in
these trials (30%-46%) underwent focal laser treatmThe timing of the laser—
deferred or prompt—did not affect the outcome. DR&@Btocol T, a head-to-head trial
comparing bevacizumab, ranibizumab, and afliberagrnonstrated effectiveness for
all three agents with comparable safety profileyms with CI-DME. For eyes with
visual acuity of 20/40 or better, the visual gaiese similar between the three groups.
In eyes with visual acuity of 20/50 or worse, mg@ual acuity gains were 18.3, 13.3
and 16.1 letters for aflibercept, bevacizumab,bianimab, respectively at 2 years, with
a statistically significant difference only foundtiveen aflibercept and bevacizumab
groups. In the second year, the average numbejatitions decreased to about half of
the number in the first year. Over 2 years, thegmage of eyes undergoing focal laser
for persistent edema was 41%, 64%, and 52% fdraafiept, bevacizumab, and

ranibizumab groups, respectively (all pairwise cangons werd <0.05).

The DRCR protocol for CI-DME starts with monthlyections for 4 to 6 months
initially, then allows for holding treatment if tteeis no improvement in vision or
central macular thickness, or if 20/20 vision andésolution of macular edema has
been achieved. If there is worsening vision or@mbacular thickness on subsequent
visits, injection is resumed. If consecutive visltsnot require treatment, the follow up
interval is doubled up to 4 months. This approaah een demonstrated to reduce the

number of injections while delivering excellentwés acuity gains.

An alternative approach to reducing the injectianden is treat-and-extend, whereby
the interval between visits is adjusted based enrémtment response. A recent
prospective trial showed that this approach is amalple in visual and anatomic results

at 2 years to monthly dosing with fewer injectiéffs.

The DRCR.net Protocol T demonstrated that anti-VE@Fapy using either
bevacizumab, ranibizumab, or aflibercept is effectreatment for CI-DME® The 2-
year results did not reveal a statistical diffeeeamong the three drugs in serious
adverse events and all three treatments providestautial visual acuity improvement.
In eyes with visual acuity of 20/40 or better, therere no visual acuity differences
between treatment regimens. In eyes 20/50 or waflleercept was superior to
ranibizumab and bevacizumab at year 1. Howeverat 2, the mean visual acuity in
the aflibercept group was superior only to the b&awamab group>®
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The visual acuity gain and reduction in maculackhiess following administration of
combined intravitreal ranibizumab, with prompt efefred laser surgery, had better
outcomes than laser alone after 2 years of follp@2uAppendix 3 summarizes the
results of several studies that have demonstrhgetdenefit of different anti-VEGF
agents for CI-DME. Based on these studies, anti-WE@rapy is the initial treatment
choice for CI-DME, with possible subsequent foealdr treatment for persistent edema.
The Ranibizumab for Edema of the Macula in Diab@¢READ-2) study involved

126 patients randomized to either anti-VEGF thei@pyhis case ranibizumab alone),
laser alone, or focal/grid laser combined with HGF therapy. (See Glossary.) The
group that received anti-VEGF therapy alone or \\ader treatment did better than the
group treated with laser aloA€.The DRCR.net Protocol | also showed that anti-VEGF
with either prompt or deferred laser photocoagatasurgery was better than either
laser alone or laser combined with triamcinolonet@mide® (See Glossary.) Prompt
laser demonstrated no additional benefit. Durirgg2tyears of the RISE and RIDE
trials, approximately 30% of patients were treatéth focal laser®’ In the DRCR.net
Protocol I, 46% of patients were treated with ldseipersistent CI-DME prior to the 3-
year visit? In this study, after 6 months of treatment, asdeegorotocol was followed,
and the number of injections decreased in yearslZBavhile visual acuity remained
stable. It is possible that focal laser for peesistnacular edema despite anti-VEGF
treatment may reduce the number of injections. sthdies above used ranibizumab,
whereas the Bevacizumab or Laser Treatment in thiealdement of Diabetic Macular
Edema (BOLT) study showed favorable outcomes fearbieumab over macular laser
treatment in eyes with CI-DME? (See Glossary.) The DME and VEGF Trap-Eye:
Investigation of Clinical Impact (DA VINCI) studyednonstrated better outcomes using
aflibercept over laser treatment for CI-DME (See Glossary.) A meta-analysis
provided additional evidence that both ranibizuraat aflibercept have superior
efficacy for DME treatment compared with convengiblaser?®® (I++, Good Quality,

Strong Recommendation)

The most serious complication of anti-VEGF injentias infectious endophthalmitis with
rates between 0.019% and 0.09% in clinical trigtirsgs?°° The use of topical povidone
iodine is recommended for intravitreal injectiossita non-use has been reported to have an
unacceptably high risk of endophthalmitis. The oseutine antibiotic eye drops is not
recommended before or following intravitreal injeatprocedures, because it does not
decrease the risk of endophthalmffisOther complications, such as retinal detachment,
cataract formation, and sustained elevated IOPazed®?*°Individuals receiving the
intravitreal injections of anti-VEGF agents mayeb@mined at 1 month following therapy.
(See Table 5.) Systematic adverse events, patiguhromboembolic events, have been
considered a potential side effect of anti-VEGRtmeent. An additional meta-analysis
suggests there may be a modest increased rislkatf dad cerebrovascular events in

24



A W DN P

© 00 N o O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30

31
32
33
34
35
36
37

Diabetic Retinopathy PPP — Journal Submission Draft —9/18/19

patients receiving monthly therapy for two ye#gSee Table 7.). However, a 2018
Cochrane systematic review has reported that teémoderate certainty evidence” of
safety of anti-VEGF injections and as of 2019 nali&ts have shown a definite increased

risk.?*2 (1+, Moderate quality, Strong recommendation)

Laser Photocoagulation

The ETDRS demonstrated that focal laser photoca#igalreduces the risk of
moderate vision loss in eyes with CSKfE*?“The DRCR.net Protocols B and |
demonstrated a beneficial treatment effect of ftasér treatment for CI-DME . The
role of anti-VEGF in NCI-DME has not been studiadd the focal/grid laser treatment
option is recommended in this scenario. A modiiE SRS laser treatment is currently
recommended; it includes a less intense lasentidt has greater spacing than for a
grid, directly targets microaneurysms, and avoi®él vasculature within at least 500
um of the center of the macuf&.A recent Cochrane systematic review concluded that
laser photocoagulation reduces the changes ofMissgand increases those of partial
to complete resolution of DME compared to no ingeition at 1-3 years?® (|,

Moderate quality, Strong recommendati®reoperatively, the ophthalmologist should
discuss with the patient the side effects and rgkseatment®***Fluorescein
angiography prior to laser surgery for CSME carnélpful for identifying leaking
microaneurysms in areas of thickened retina. Fha@i@ angiography is also useful for
detecting capillary dropout and pathologic enlargetof the foveal avascular zone,
information that may be useful when planning fdaakr treatmerf Optical coherence
tomography angiography can detect capillary drapaod enlarged an foveal avascular
zone; however, it does not reveal leakage. A peatitnent evaluation should be
scheduled within 3 to 4 months of laser surdégarely, focal laser photocoagulation
surgery may induce subretinal fibrosis with choabideovascularization, a
complication that may be associated with permaaentral vision los§!"?*°Other

than choroidal neovascularization, the most impurtactor associated with the
development of subretinal fibrosis includes both tfiore severe levels of subretinal

hard exudates and elevated serum lipids priorserlphotocoagulation surgery.

Steroids for Diabetic Macular Edema

Several studies have evaluated the use of intealittdministration of short- and long-
acting corticosteroids for the treatment of DMEpial corticosteroids and periocular
steroid injection demonstrated no significant birféf The role of intravitreal
triamcinolone acetonide was compared with focaigdhotocoagulation surgery.
Treatment with intravitreal triamcinolone acetonidsulted in an early decrease in
retinal thickness at 4 months, yet by 24 monthsehmatients randomized to focal/grid

laser photocoagulation surgery had better mearalvisuity. Of the triamcinolone
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group, half of phakic eyes underwent cataract syrg@hin 2 years and about 30% of
eyes developed elevated IOP above 10 mm Hg compdtiedaseliné?? At 3 years,
these results were largely unchan§®d subsequent study showed that pseudophakic
eyes treated with the combination of the intraatteamcinolone acetonide and focal
laser had visual gains similar to eyes treated witli-VEGF agent&* The sustained-
release dexamethasone implant for treatment ndrZME improved visual acuity
compared with sham treatment. In this study, thamreumber of treatments was four
to five injections over 3 years'’ tinfé> The fluocinolone acetonide implant for DME
treatment study revealed improved visual acuitgtied to sham at 3 years. At three
years, 75% of patients were treated with only onglant. Rates of cataract extraction
of phakic eyes was 74.9% with an implant versud@3or sham. Rates of incisional

glaucoma surgery were 3.7% versus 0.5% for sharyaars®

The DRCR.net phase II, randomized clinical trizhlerated the role of combination
anti-VEGF treatment with intravitreous dexamethasiona sustained-release drug
delivery system to eyes with persistent CI-DME rafteleast three anti-VEGF
injections in the previous 20 wee& The addition of the dexamethasone implant
reduced central macular thickness; however theeensaenefit in visual acuity.
Pseudophakic eyes improved by 3 letters, but twareinsufficient power to be

confident of this effect.

A Cochrane systematic review concluded that a coatlzin of steroid with anti-VEGF
did not provide additional benefit to anti-VEGF notimerapy??® (I, Moderate quality,
Strong recommendatiofjowever, the evidence base for this conclusionnatesi as
low-certainty given the relative paucity of studieish long-term follow-ug??® Multiple
studies consistently found that corticosteroidsychigher risk for cataract and elevated
IOP compared with anti-VEGF therapy (See Tabl&%)’

Studies of intravitreal corticosteroids for DME leasvaluated them as first-line agents
only. Because of their side-effect profile, incloglicataract progression and elevated
IOP, they are generally used as second-line ag@enBME, especially for phakic
patients. To date, no large randomized clinical tnes evaluated the use of intravitreal
corticosteroid injection as a rescue treatmenef@s with persistent DME after anti-

VEGEF injection therapy.

Other Treatments

When substantial vitreomacular traction is presgats plana vitrectomy may improve
visual acuity in selected patients who have diffGSME that is unresponsive to
previous macular laser photocoagulation surgeryaarahti-VEGF therapy?®**! The
DRCR.net Protocol D found that 38% of eyes with Dtk vitreomacular traction had

improved visual acuity, whereas 22% of eyes expegd visual acuity loss. However,
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the value of vitrectomy in CSME is difficult to styin a randomized clinical trial, as
there are many variables that affect visual ac@@ge DRCR.net Protocol )
Because the majority of studies evaluating vitregtdor DME precede the use of anti-
VEGF treatment, it is difficult to determine thde of vitrectomy with concomitant
anti-VEGF treatment.

Some authors have suggested that micropulse lahecés less damage to the
macula®® A recent meta-analysis found no difference in aisacuity with
conventional laser photocoagulation surgery congpaiith subthreshold diode

micropulse laser photocoagulation surg@&fy.

A Cochrane systematic review did not find any rand®d controlled clinical trials
evaluating use of NSAIDS for DME?®
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TABLE 6 SIDE EFFECTS AND COMPLICATIONS OF TREATMENT FOR DIABETIC RETINOPATHY

Treatment

Side Effect/Complication

Focal laser photocoagulation surgery for
DME

Possible transient initial decrease in central vision

Paracentral scotomas if laser burns have been placed close to the fovea,
especially large or confluent burns®*®

Permanent central scotoma from inadvertent foveal burns
Expansion of laser scar area (over many years)

Choroidal neovascularization and subretinal fibrosis

Panretinal photocoagulation (scatter) for
severe NPDR or PDR

. P 132
Transient central vision loss from macular edema

Peripheral visual field constriction with delayed dark adaptation
Vitreous hemorrhage if neovascularization is present
Reduced or compromised accommodation®’

Pupillary dilation (mydriasis)

Vitrectomy

. 238,239
Vitreous hemorrhage

Retinal tear or detachment™’

- 240,241
Vision loss

Infectious endophthalmitis**

Cataract®™®

Intravitreal injections

Ocular hemorrhage

Elevated IOP (i.e., corticosteroids)******

Infectious endophthalmitis

Noninfectious inflammatory reactions

Possible systemic effect from intravitreal medication®"

Increased retinal traction

244,245
Cataract

DME = diabetic macular edema; IOP = intraocular pressure; NPDR = nonproliferative diabetic retinopathy; PDR = proliferative diabetic

retinopathy

Treatment and Prevention of Proliferative Diabetic Retinopathy

Normal or Minimal NPDR

The patient with a normal retinal examination ottwiare microaneurysms should be

re-examined annualf{,because within 1 year 5% to 10% of patients withou

retinopathy will develop diabetic retinopathy. Biig retinopathy will worsen by a

similar percentag&:®:5!

Mild to Moderate NPDR without Macular Edema

Patients with retinal microaneurysms and occasiblwlhemorrhages or hard exudates

should be re-examined within 6 to 12 months, besaisease progression is

common®’ In The Wisconsin Epidemiologic Study of DiabetietiRopathy, the natural

history of type 1 diabetic patients suggests that@ximately 16% of patients with

mild retinopathy (hard exudates and microaneurysnfg) will progress to proliferative

stages within 4 yeaf$.
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For patients with mild NPDR, the 4-year incidenéeither CSME or macular edema
that is not clinically significant is approximatel%. For moderate NPDR, the risk
increases to 23% for patients with either type 2 diabetes$*? For patients undergoing
anti-VEGF treatment, the clinically observed leottetinopathy may become
consistent with mild to moderate retinopathy. Esgdcwhen anti-VEGF treatment is
stopped because edema is well controlled, andatierp had previously been noted to
have a higher level of retinopathy, a closer foHopvof retinopathy may be necessary,

as the progression of disease may be higher irethagents.

Severe NPDR and Non-High-Risk PDR

The DRS demonstrated that eyes with severe NPDRiamdhigh-risk PDR had a
reduced risk of severe vision loss with PRP bugssted that a deferral of
photocoagulation is reasonable until high-risk elogaristics develoff® The ETDRS
showed that although deferral of PRP until high-dharacteristics develop, especially
in eyes with DME, early PRP could be consideredeeislly for eyes with very severe
NPDR and non-high risk PDR, who have close to a s8%oof progressing to high-risk
PDR within 1 year. Very severe NPDR is definedragye with 2 or more of the 4-2-1

characteristics summarized in Table 1.

Severe NPDR and non-high-risk PDR are discussexttegbecause ETDRS data
showed that they have a similar clinical course sutitkequent recommendations for
treatment are similar. The study demonstratedttatisk of progression to
proliferative disease was high, with 45% of pasenith very severe NPDR, 46% of
patients with moderate PDR, 22% of patients witldrRDR, and 15% of patients with
severe NPDR developing PDR within 1 yé&rTherefore, these patients should be re-
examined within 2 to 4 montHs® Refer to Table 1 for the definition of severe NPDR

and very severe NPDR.

High-Risk PDR
The presence of any three of the following foutdeas characterizes DRS high-risk
PDR2>8®

+ Neovascularization (at any location)

+ Neovascularization at or near the optic disc (saedard photograph 10A in

Glossary)
¢ At least moderate neovascularization, defined as:

0 New vessels within 1 disc diameter of the optiovadread that are

larger than one-quarter to one-third disc areazie s

o0 New vessels elsewhere that are at least one-lsaifadea in size
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0 Vitreous or preretinal hemorrhage

The DRS showed that the risk of severe visual dmssng patients with high-risk PDR is
high and is reduced substantially by PRP. (Seedatg¥ Most patients with high-risk PDR
should receive PRP expeditiously, as it usuallyees regression of retinal

neovascularizatioff2*’

The DRCR.net study Protocol S that examined patietith PDR primarily has
demonstrated that a series of anti-VEGF injectioasibizumab was used in this protocol)
is noninferior to PRP at 2 yeatsThe patients undergoing anti-VEGF injections wess
likely to have worsening macular edema or to haasgpperal vision loss as measured by
automated visual field testing compared with thé®RfRoup. However, when patients with
PDR undergoing anti-VEGF injections are lost tddwal up, their visual and anatomic
outcomes are inferior to those who received PRPherefore, the decision to choose anti-
VEGF over PRP must be made cautiously with a choefusideration of patient-related
factors. The anti-VEGF injection alone could besidered for patients with reliable

follow-up.

Additional PRP or anti-VEGF therapy should be cdastd in situations involving the

following:
« Failure of the neovascularization to regress
+ Increasing neovascularization of the retina or iris
+ New vitreous hemorrhage
+ New areas of neovascularization

In cases of involutional PDR, vitreous hemorrhagsy mccur due to vitreous traction on
involuted neovascularization. These eyes may acessarily require additional PRP,
especially in the absence of venous dilation. Bknsa vitrectomy should be considered for
patients with PDR and vitreous opacities interfgnvith vision or treatment, severe
fibrovascular proliferation, and traction retingtdchment that is threatening or involving
the maculd®?**?*'The value of early pars plana vitrectomy increasiéls the increasing
severity of neovascularization. (See Appendix 3¢ Tole of anti-VEGFs in these later

stages of proliferative retinopathy is under inigegton.

Laser Treatment

Panretinal photocoagulation has been demonstrateztitice the risk of severe vision
loss in PDR and severe NPDR. The ETDRS protocdiubPRP included 1200 t01600
spots of moderate burns of 0.1 second durationigheabne-half burn width apart and at
least 2 disc diameters from the fovea out to theatr*? If laser surgery is elected,

full PRP is a proven treatment approach. Partiéihuted PRP treatment is not
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recommendef Fluorescein angiography does not usually neee oebformed to

apply the PRP effectively.

Additional analyses of visual outcome in ETDRS @iat$ with severe NPDR to non—
high-risk PDR suggest that the recommendation tsider PRP before the
development of high-risk PDR is particularly appiate for patients with type 2
diabetes. The risk of severe vision loss or vitvagt was reduced by 50% (2.5% vs.
5%; P=0.0001) in patients with type 2 diabetes who wezated early when compared
with deferral PRP until high-risk PDR developelor patients with type 1 diabetes, the
timing of the PRP depends on the patient’s compéanith follow-up and the status
and response to treatment of the fellow eye. Ftir patients with type 1 and type 2
diabetes, impending or recent cataract surgeryagrancy may increase the risk of

progression and may influence the decision to perfeRP.

The goal of PRP is to reduce the risk of visiorsldareoperatively, the ophthalmologist
should assess for the presence of macular edestaisdiside effects of treatment and
risks of visual loss with the patient, and obtaifoimed conserft:*?*This technique

has been fully describ&f**and the results are summarized in Appendix 3.

The results of clinical trials suggest that PR®ibe performed on eyes with CSME;
focal photocoagulation and/or anti-VEGF therapppto or concomitant with PRP
should be performed when there is evidence thankyRexacerbate macular edema
and increase the rate of moderate visual loss dioeibling of the visual angle)
compared with untreated control ey&s(See Glossary.) However, PRP should not be
delayed when PDR is at the high-risk stage (f&MD is extensive or
vitreous/preretinal hemorrhage has occurred regemtl such cases, anti-VEGF
therapy and PRP may be performed concomitantlyp&tients who have concurrent
CI-DME, combined anti-VEGF therapy and PRP at tret freatment session should be
considered (Table 6).

Anti-Vascular Endothelial Growth Factor Therapy

The DRCR.net Protocol S was a randomized contratlabithat compared PRP with
ranibizumab in patients primarily with PDR with awithout DME, and approximately
11% had mild to severe NPD® The patients received ranibizumab monthly for 6
months, unless complete neovascular regressiombtamed at 4 months, followed by
treatment as needed based on a specific protocel/&uating the presence and/or
activity of retinal neovascularizatidr® The study concluded that ranibizumab resulted
in not more than 5 letters worse visual acuity tR&P at 2 years. The ranibizumab
group seemed to have better average visual atestyvisual field loss, fewer
vitrectomies, and fewer new developments of DMEtedd vision loss. However, the

ranibizumab group had a higher number of treatmamdisvisits than the group
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receiving PRP> Patient compliance is a major concern for managewfepatients
with PDR. An additional study demonstrated thabeficept is similar to PRP for
treatment of PDR and may have superior visual pauitcomes in eyes without ClI-
DME at 1 year>° A follow-up of patients from the RIDE and RISE dites found that
more patients receiving ranibizumab treatment h2etep or 3-step or more
improvement in diabetic retinopathy compared wlith $ham crossover group at a
median level of moderate NPDR. (See Gloss&rylj is not yet known whether anti-
VEGF treatment would benefit patients with seveRDR for whom PRP is

considered.

A key clinical consideration for determining theeusf anti-VEGF versus PRP is the
reliability of patient follow-up. A recent analydisund that over a 4-year period, 22%
of patients with PDR under treatment with anti-VE@fections were lost to follow-
up*® Further studies are required to determine the-tenm implications of using anti-
VEGF agents alon®® Recent reports raise into question the implicatiohusing anti-
VEGF therapy in PDR patients and the severe comsegs of such a decision and a
higher rate of NVG>’ The clinical indications for use in patients wittoderate or mild
NPDR are unknown and also depend on other factmts a&s systemic blood glucose
control and compliance with follow-up examinatio@inical judgment is important for

guiding therapy.

Although some studies have reported evidence ®béneficial use of anti-VEGF for
treating vitreous hemorrhag® a DRCR trial found no difference between anti-VEGF
and intravitreal saline injectidfi’ Following anti-VEGF injection, cases with severe
PDR may develop traction or pre-existing tracticayrprogres$®® However, Protocol
S showed that there was no statistically significhfierence between rates of tractional

retinal detachment in PRP compared with anti-VESF.

Several anti-VEGF studies have also found a sicgrifi difference in the rates of 2-step
and 3-step improvements in severity of diabetimogtathy between eyes receiving anti-
VEGF and control eyes. The DRCR.net has shownitttae short-term, anti-VEGF
treatment lowers the risk of progression to PP®%In the DRCR.net Protocol T year
1, of the 423 NPDR eyes, 44 of 141 (31.2%) treatitld aflibercept, 29 of 131 (22.1%)
with bevacizumab, and 57 of 151 (37.7%) with ranilbhab had improvement of
diabetic retinopathy severity. The adjusted diffieeefor aflibercept versus
bevacizumab was 11.7% (95% ClI, 2.9%—20.6%().004), for ranibizumab versus
bevacizumab was 8.9% (95% ClI, 1.7%—16.F30.01), and for aflibercept versus
ranibizumab was 2.9% (95% ClI, -5.7% to 11.4240.51). At year 2, despite fewer
injections of an anti-VEGF drug given to these e84 of the aflibercept group, 22%

of the bevacizumab group, and 21% of the ranibizugraup showed diabetic
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retinopathy improvement. Rates of worsening retatp were uniformly low for all

three drugs.

In the RIDE and RISE trials, approximately 11% arfiibizumab-treated eyes showed
progression of diabetic retinopathy compared witbo3f sham-treated eyes at 2
years?®® The percentage of eyes with worsening diabetinapathy by 2 steps or more
(Table 5) was significantly greater for the shagated eyes than the ranibizumab-
treated eyes. Post hoc analysis of RIDE and Rl tievealed that ranibizumab
treatment improved diabetic retinopathy severitglirsubsets. The greatest

improvement occurred in eyes with a baseline ofenaigtly severe to severe NPBR.

In the VIVID and VISTA trials, eyes treated witHibErcept (every 4 or 8 weeks) for
DME had a significantly higher chance of a 2-stEghe 5) improvement in the
Diabetic Retinopathy Severity Scale score compuaiitideyes treated with laser
control. (See Glossary). In the VIVID trial, thepnovement was 29.3% and 32.6%,
respectively, versus 8.2%40.0004 for every 4 weeks aR&0.0001 for every 8
weeks), and in the VISTA trial, the improvementsva?.0% and 37.1%, respectively,
versus 15.6%R<0.0001 for both aflibercept vs control comparigdis

Other Treatments

Vitrectomy surgery typically is reserved for cagéth persistent disease activity despite

medical management with anti-VEGF or PRP, or id&e is unamenable to medical

management alone. Typical indications for vitregganclude:

Nonclearing vitreous hemorrhage

« Tractional retinal detachment threatening the neacul

Combined rhegmatogenous and tractional retinaktietant

Dense pre-macular subhyaloid hemorrhage

The DRVS demonstrated improved outcomes if vitnegtdor vitreous hemorrhage is
done within 1 to 6 months of onset compared witérlgitrectomy at 1 yed>?®"Vitreous
hemorrhage should be followed with serial ultrastsuto evaluate for possible retinal tear,
tractional retinal detachment that threatens theutaa or rhegmatogenous retinal
detachment. Recent advances, including endolasesraall-gauge instruments have
improved outcomes and decreased adverse e¥8fse meta-analysis suggested that pre-
operative anti-VEGF treatment reduces the duraif@urgery, the number of retinal
breaks, and the amount of intra-operative bleetfifity, Moderate quality, Strong
recommendationf\ Cochrane systematic review suggested pre-operatiintra-operative
bevacizumab may reduce the incidence of post-dperdgitreous hemorrhagé®?’{1+,

Moderate quality, Strong recommendation)
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Follow-Up Evaluation

The follow-up evaluation includes a history andrakzation.

History

A follow-up history should include changes in tioldwing:

¢ Symptoms

¢ Systemic status (pregnancy, blood pressure, sepinis,|renal status)

# Glycemic status (HbA)®*821%

¢ Other treatments such as dialysis and fenofibrates
Examination
A follow-up examination should include the followirlements:

& Visual acuity®?

+ Slit-lamp biomicroscopy with iris examinatitA

¢ IOP

¢ Gonioscopy (preferably before dilation when iri@wascularization is suspected or if IOP
is elevated)?

+ Stereoscopic examination of the posterior poler afilation of the pupil®

¢ OCT imaging, when appropriate

& Peripheral retina and vitreous examination, whelicated®

Recommended intervals for follow-up are given ibl€zb.

PROVIDER AND SETTING

Although the ophthalmologist will perform most dktexamination and all surgery, certain aspects of
examination may be performed by trained individwsdder the ophthalmologist’s supervision and
review. Because of the complexities of the diagnasid treatment for diabetic retinopathy, the
ophthalmologist caring for patients with this cdiah should be familiar with the specific

recommendations of relevant clinical trialg*131:132:151,195,203,204,214,246,273-279

COUNSELING AND REFERRAL

The ophthalmologist should refer patients with dials to a primary care physician for appropriate
management of their systemic condition and shoatdmunicate examination results to the physician
managing the patient’s ongoing diabetes caneEye MD Examination Report Form is available

from the American Academy of Ophthalmoldgy.

Some patients with diabetic retinopathy will losdstantial vision despite being treated according t
the recommendations in this docum&Rtatients whose conditions fail to respond to syrgad
those for whom further treatment is unavailableusthde provided with professional support and

offered referral for counseling, vision rehabilitat, or social services as appropriateVision
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rehabilitation improves functional abilij? and so patients with functionally limiting postoatve
visual impairment should be referred for visionatitation and social servicé%. More information

on vision rehabilitation, including materials faatgents, is available at www.aao.org/smart-sigk-lo

vision.

SOCIOECONOMIC CONSIDERATIONS

In the era before anti-VEGF treatment, an analysisedical and economic effects of diabetic
retinopathy control predicted that over their life¢, 72% of patients with type 1 diabetes would
eventually develop PDR requiring PRP and that 4286l&/develop macular ederffa.If treatments

are delivered as recommended in the clinical trials model predicted a cost of $966 per person-yea
of vision saved for patients with PDR and $1,120pge¥son-year of central visual acuity saved for
patients with macular edema. These costs areHassthe cost of a year of Social Security disapbilit
payments for patients disabled by vision loss. &fwee, treatment yields a substantial savings
compared with the direct cost to society of unedd®DR in a type 1 diabetic patiéfitThe indirect
costs in lost productivity and human suffering even greater.

Another analysis estimated that screening andnrertt of eye disease in patients with diabetes costs
on average, $3,190 per quality-adjusted life y&akl(Y) saved®® For patients with type 1 diabetes,

it costs $1996 per QALY saved; for patients withey2 diabetes who use insulin, it costs $2,933 per
QALY saved; and for patients with type 2 diabetéswlo not use insulin, it costs $3,530 per QALY
saved. Insofar as patients with type 2 diabetesisiog insulin represent the largest subset of the
patient population, most of the economic benefitscoeening and treatment are realized among these

patients.

A 2013 cost-effectiveness analysis of various ieations for DME evaluated the cost-effectiveness
of anti-VEGF therapies for CSME. Compared with tadene, the incremental cost-effectiveness of
laser plus bevacizumab is $11,138 per QALY and #aasns to confer the greatest value among the
various treatment options for CSME.By comparison, the cost-utility of laser photocaiagjon
surgery for DME is $3,101 per QAL® whereas laser photocoagulation surgery for extestb
choroidal neovascularization is $23,640 per QALY Finally, a cost-utility analysis of detection
and treatment of diabetic retinopathy in patienits type 1 and type 2 diabetes demonstrates that
provision of recommended ophthalmic care would cedie prevalence of blindness by 52% and
that the direct costs of care would be less thardsses in productivity and the costs of factitie
provided for disability>°
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APPENDIX 1. QUALITY OF OPHTHALMIC
CARE CORE CRITERIA

Providing quality care
is the physician's foremost ethical obligation, and
the basis of public trust in physicians.

AMA Board of Trustees, 1986

Quality ophthalmic care is provided in a manner waitti the skill that is consistent with the begdeiests of
the patient. The discussion that follows charazésrthe core elements of such care.

The ophthalmologist is first and foremost a physiciAs such, the ophthalmologist demonstrates
compassion and concern for the individual, andzesl the science and art of medicine to help atevi
patient fear and suffering. The ophthalmologistvet to develop and maintain clinical skills at thighest
feasible level, consistent with the needs of padiethrough training and continuing education. The
ophthalmologist evaluates those skills and medinalvledge in relation to the needs of the patiet a
responds accordingly. The ophthalmologist also esssthat needy patients receive necessary carlgios
through referral to appropriate persons and feeslithat will provide such care, and he or she stpp
activities that promote health and prevent diseaskdisability.

The ophthalmologist recognizes that disease plpatants in a disadvantaged, dependent state. The
ophthalmologist respects the dignity and integoitis or her patients, and does not exploit their
vulnerability.

Quality ophthalmic care has the following optimttiutes, among others.

+ The essence of quality care is a meaningful pastigrrelationship between patient and physiciar Th
ophthalmologist strives to communicate effectiwglth his or her patients, listening carefully t@ith
needs and concerns. In turn, the ophthalmologistaeés his or her patients about the nature and
prognosis of their condition and about proper gopt@priate therapeutic modalities. This is to easur
their meaningful participation (appropriate to thamique physical, intellectual, and emotionalestén
decisions affecting their management and carenpodve their motivation and compliance with the
agreed plan of treatment, and to help alleviate fears and concerns.

+ The ophthalmologist uses his or her best judgnrenhoosing and timing appropriate diagnostic and
therapeutic modalities as well as the frequenagvaduation and follow-up, with due regard to the
urgency and nature of the patient's condition arique needs and desires.

+ The ophthalmologist carries out only those proceslfior which he or she is adequately trained,
experienced, and competent, or, when necessagysisted by someone who is, depending on the
urgency of the problem and availability and acdabtsi of alternative providers.

+ Patients are assured access to, and continuityeetied and appropriate ophthalmic care, which ean b
described as follows.

+ The ophthalmologist treats patients with due redgatimeliness, appropriateness, and his or her own
ability to provide such care.

+ The operating ophthalmologist makes adequate poovfsr appropriate pre- and postoperative
patient care.

+ When the ophthalmologist is unavailable for hisier patient, he or she provides appropriate alterna
ophthalmic care, with adequate mechanisms for iniieg patients of the existence of such care and
procedures for obtaining it.

+ The ophthalmologist refers patients to other oghtbéogists and eye care providers based on the
timeliness and appropriateness of such referralp#tient's needs, the competence and qualification
of the person to whom the referral is made, anésand availability.
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+ The ophthalmologist seeks appropriate consultatitim due regard to the nature of the ocular or othe
medical or surgical problem. Consultants are suggée®r their skill, competence, and accessibility.
They receive as complete and accurate an accouwsttithg problem as necessary to provide efficient
and effective advice or intervention, and in turayt respond in an adequate and timely manner. The
ophthalmologist maintains complete and accurateicakrecords.

+ On appropriate request, the ophthalmologist pravaléull and accurate rendering of the patient's
records in his or her possession.

+ The ophthalmologist reviews the results of consioites and laboratory tests in a timely and effextiv
manner and takes appropriate actions.

+ The ophthalmologist and those who assist in progdiare identify themselves and their profession.

+ For patients whose conditions fail to respond éattment and for whom further treatment is
unavailable, the ophthalmologist provides propefgssional support, counseling, rehabilitative and
social services, and referral as appropriate andsadble.

+ Prior to therapeutic or invasive diagnostic proceduthe ophthalmologist becomes appropriately
conversant with the patient's condition by collegtpertinent historical information and performing
relevant preoperative examinations. Additionally,dr she enables the patient to reach a fully inéat
decision by providing an accurate and truthful erplion of the diagnosis; the nature, purposesfisk
benefits, and probability of success of the proddseatment and of alternative treatment; andigies r
and benefits of no treatment.

+ The ophthalmologist adopts new technology (e.gigslrdevices, surgical techniques) in judicious
fashion, appropriate to the cost and potential fiereative to existing alternatives and to its
demonstrated safety and efficacy.

+ The ophthalmologist enhances the quality of carertghe provides by periodically reviewing and
assessing his or her personal performance inaal&ti established standards, and by revising eriagf
his or her practices and techniques appropriately.

+ The ophthalmologist improves ophthalmic care by emnmicating to colleagues, through appropriate
professional channels, knowledge gained througticeli research and practice. This includes alerting
colleagues of instances of unusual or unexpected of complications and problems related to new
drugs, devices, or procedures.

+ The ophthalmologist provides care in suitably s@find equipped facilities adequate to deal with
potential ocular and systemic complications reggiimmediate attention.

+ The ophthalmologist also provides ophthalmic cara manner that is cost effective without
unacceptably compromising accepted standards dityjua

Reviewed by: Council
Approved by: Board of Trustees
October 12, 1988

2" Printing: January 1991
3 Printing: August 2001
4" Printing: July 2005
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APPENDIX 2. INTERNATIONAL STATISTICAL
CLASSIFICATION OF DISEASES AND RELATED
HEALTH PROBLEMS (ICD) CODES

Diabetic retinopathy, which includes entities wtie following ICD-9 and ICD-10 classifications (see
Glossary):

ICD-9 CM ICD-10 CM

Diabetic retinopathy:

Background 362.01 e E10.311 Type 1 with macular edema
e E10.319 Type 1 without macular edema
e E11.311 Type 2 with macular edema
e E11.319 Type 2 without macular edema

e E13.311 other specified types of diabetes mellitus with
unspecified diabetic retinopathy with macular edema

e E13.319 other specified types of diabetes mellitus with
unspecified diabetic retinopathy without macular edema

Proliferative 362.02 e E10.351 Type 1 with macular edema
e E10.359 Type 1 without macular edema
e E11.351 Type 2 with macular edema
e E11.359 Type 2 without macular edema

e E13.351 other specified diabetes mellitus with proliferative
diabetic retinopathy with macular edema

e E13.359 other specified diabetes mellitus with proliferative
diabetic retinopathy without macular edema

Nonproliferative, NOS 362.03 e E10.321 Type 1 with macular edema
Nonproliferative, mild 362.04 e E10.329 Type 1 without macular edema
e E11.321 Type 2 with macular edema
e E11.329 Type 2 without macular edema

e E13.321 other specified types of diabetes mellitus with mild
nonproliferative diabetic retinopathy with macular edema

e E13.329 other specified types of diabetes mellitus with mild
nonproliferative diabetic retinopathy without macular edema

Nonproliferative, 362.05 e E10.331 Type 1 with macular edema

moderate e E10.339 Type 1 without macular edema

e E11.331 Type 2 with macular edema
e E11.339 Type 2 without macular edema

e E13.331 other specified types of diabetes mellitus with
moderate nonproliferative diabetic retinopathy with macular
edema

e E13.339 other specified types of diabetes mellitus with
moderate nonproliferative diabetic retinopathy without
macular edema
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ICD-9 CM ICD-10 CM

Diabetic retinopathy (continued):
Nonproliferative, severe 362.06 e E10.341 Type 1 with macular edema
e E10.349 Type 1 without macular edema
e E11.341 Type 2 with macular edema
e E11.349 Type 2 without macular edema

e E13.341 other specified types of diabetes mellitus with severe
nonproliferative diabetic retinopathy with macular edema

e E13.349 other specified types of diabetes mellitus with severe
nonproliferative diabetic retinopathy without macular edema

Diabetic macular edema 362.07 e E10.321 Type 1 mild nonproliferative diabetic retinopathy
e E10.331 Type 1 moderate nonproliferative diabetic retinopathy
e E10.341 Type 1 severe nonproliferative diabetic retinopathy
e E10.351 Type 1 proliferative diabetic retinopathy
e E11.321 Type 2 mild nonproliferative diabetic retinopathy
e E11.331 Type 2 moderate nonproliferative diabetic retinopathy
e E11.341 Type 2 severe nonproliferative diabetic retinopathy
e E11.351 Type 2 proliferative diabetic retinopathy

e E13.321 other specified diabetes mellitus with mild
nonproliferative diabetic retinopathy

e E13.331 other specified diabetes mellitus with moderate
nonproliferative diabetic retinopathy

ICD = International Classification of Diseases; CM = Clinical Modification used in the United States; NOS = not otherwise specified
Additional information:

« Certain ICD-10 CM categories have applicable 6" characters. In the diabetic retinopathy series, indicate “with or without”
macular edema. Laterality indicators are not required in this series.

¢ 1 =with macular edema
¢ 9 = without macular edema

e For bilateral sites, the final character of the codes in the ICD-10 CM indicates laterality. If no bilateral code is provided and the
condition is bilateral, separate codes for both the left and right side should be assigned. Unspecified codes should be used only
when there is no other code option available.

39



A W DN P

~N o

10
11
12
13
14
15

16

17
18
19
20

Diabetic Retinopathy PPP — Journal Submission Draft —9/18/19

APPENDIX 3. MAJOR STUDY RESULTS

DIABETIC RETINOPATHY STUDY (1972-1979)

The Diabetic Retinopathy Study (DRS) was desigoddvestigate the value of laser
photocoagulation surgery for patients with sevenepnoliferative diabetic retinopathy (NPDR) and

proliferative diabetic retinopathy (PD&)The results are shown in Table A4-1.

TABLE A4-1 ViSUAL OUTCOME FOR LASER PHOTOCOAGULATION FROM THE DIABETIC RETINOPATHY STUDY

Baseline Severity of Retinopathy Duration of Follow-up Control Patients Treated Patients
(Years) (% with Severe Visual Loss) (% with Severe Visual Loss)
Severe nonproliferative 2 3 3
4 13 4
Mild proliferative 2 7 3
4 21 7
High-risk proliferative 2 26 11
4 a4 20

NOTE: Severe visual loss was defined as worse than 5/200 visual acuity at two or more consecutive completed visits (scheduled at 4-
month intervals).

WISCONSIN EPIDEMIOLOGIC STUDY OF DIABETIC RETINOPATHY (1979)

The Wisconsin Epidemiologic Study of Diabetic Repathy (WESDR) began in 1979. It was
initially funded by the National Eye Institute, whiis part of the National Institutes of HealtheTh

purpose of the WESDR is to describe the frequendyimcidence of complications associated with

diabetes (eye complications such as diabetic ngtitity and visual loss, kidney complications such as

diabetic nephropathy, and amputations), and tatifyetsk factors (such as poor glycemic control,

smoking, and high blood pressure) that may cortigibaithe development of these complicatitns.

EARLY TREATMENT DIABETIC RETINOPATHY STUDY (1985-1990)

The Early Treatment Diabetic Retinopathy Study (RE) investigated the value of photocoagulation

surgery for patients with NPDR or PDR without higk characteristic®**The results for eyes
with macular edema are shown in Table A4-2. Visoss was defined as at least doubling of the
visual angle (e.qg., 20/20 to 20/40, or 20/50 tdLR0j.
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TABLE A4-2  VISUAL OUTCOME FOR LASER PHOTOCOAGULATION TREATMENT FROM THE EARLY TREATMENT DIABETIC RETINOPATHY STUDY

Extent of Macular Edema Duration of Follow-up Control Patients Treated Patients
(Years) (% with Visual Loss) (% with Visual Loss)
CSME 1 8 1
(center of macula not involved) 2 16 6
3 22 13
CSME 1 13
(center of macula involved) 5 24
3 33 14

CSME = clinically significant macular edema

NOTE: Visual loss was defined as at least doubling of the visual angle.

Results of Early Scatter Laser Treatment in ETDRS

In eyes with NPDR or non-high-risk PDR, early paima photocoagulation (PRP) was
compared with deferral of photocoagulation, andalgh there was a beneficial treatment
effect, the outlook for maintaining vision was gandoth groups. The 5-year rates of severe
visual loss or vitrectomy ranged from 2% to 6% ye®assigned to early photocoagulation and
from 4% to 10% in eyes assigned to deferral. BARY was associated with side effects (small
decreases in visual acuity and visual field) in e@yes, and the ETDRS concluded that
deferral of photocoagulation was preferable attleas| retinopathy was approaching the high-
risk stage. Eyes approaching that stage had a Eb6frreaching it within 12 to 18 months.
Eyes in this category had very severe NPDR or nigh-tisk PDR characterized by NVD less

than one-quarter to one-third disc area and/or NMEfout vitreous or preretinal hemorrhage.

Recent additional analyses of visual outcome in BRB[patients with severe NPDR to non-
high-risk PDR suggest that the recommendation tsider PRP before the development of
high-risk PDR is particularly appropriate for patie with type 2 diabetésThe risk of severe
vision loss or vitrectomy was reduced by 50% irigrds who were treated early compared with
those who deferred treatment until high-risk PDReli@ped.

For patients with type 1 diabetes, the timing & BRP will depend on the compliance with
follow-up, status and response to treatment ofdéliew eye, impending cataract surgery,

and/or pregnancy status.

DIABETIC RETINOPATHY VITRECTOMY STUDY (1983-1987)

The Diabetic Retinopathy Vitrectomy Study (DRVSyestigated the role of vitrectomy in managing
eyes with very severe PDR?**%?*'The benefit of early vitrectomy for severe vitredwemorrhage
(defined as hemorrhage obscuring the macula orretimal vessels for 3 disc diameters from the
macular center) was seen in type 1 patients, bsuob advantage was found in type 2 patients, who
did not benefit from earlier surgery. Early vitrecty was beneficial among patients with visual acuit

of 5/200 or worse and severe vitreous hemorrhatfenetuced vision for at least 1 month and
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without previous treatment or complications suchetimial detachment or neovascularization of the
iris. Overall, at 2 years after surgery, 25% of ¢lagly vitrectomy group and 15% of the deferralugro
had visual acuity of 20/40 or better. The advantage most pronounced in patients with type 1

diabetes (36% vs. 12% for early vitrectomy versefetal of vitrectomy, respectively) and was not

statistically significant for patients with typediabetes.

The DRVS showed that early vitrectomy was bendffoiapatients with visual acuity of 20/400 or
better plus 1 of the following: (1) severe neovéatGration and fibrous proliferation; (2) fibrous
proliferation and moderate vitreous hemorrhagg3bmoderate neovascularization, severe fibrous
proliferation, and moderate vitreous hemorrhageoAgisuch patients, 44% with early vitrectomy

and 28% in the observation group had visual a@fi®0/40 or better at 4 years of follow-up.

The results of the DRVS should be interpretedghtliof subsequent advances in vitreoretinal
surgery, such as the introduction of small-gaugreeiomy technology, endoscopic and indirect
ophthalmoscopic laser photocoagulation surgery,aatvdinced instrumentation. The use of long-
acting intraocular gases such as sulfur hexafledi®F6) and perfluoropropane (C3F8), the use of
viscodissection, and the use of heavier-than-witeids such as perfluoro-octane are advances in
vitreoretinal surgery that developed after the DRVBuS, the results may actually be better than
those reported in the DRV&>*°Early vitrectomy should be considered for selegatients with
type 2 diabetes, particularly those in whom sevéreous hemorrhage prohibits laser therapy

photocoagulation of active neovascularization.

FENOFIBRATE INTERVENTION AND EVENT LOWERING IN DIABETES (FIELD) STUDY (2005)

The FIELD study was a randomized controlled tfiattevaluated long-term fenofibrate therapy for
the reduction of cardiovascular events in 9795¢gpédi with type 2 diabetes mellitus. Fenofibrate did
not significantly reduce the risk of the primantoame of coronary events. It did reduce total
cardiovascular events, mainly due to fewer nonfatgdcardial infarctions and revascularizations.
The higher rate of starting statin therapy in patieallocated to receive placebo might have maaked

moderately larger treatment benefit.

DIABETIC RETINOPATHY CLINICAL RESEARCH NETWORK (DRCR.NET) (2002—PRESENT)

The Diabetic Retinopathy Clinical Research Netw(@RCR.net) is a collaborative network
dedicated to facilitating multicenter clinical reseh of diabetic retinopathy, diabetic macular edem
(DME), and associated conditions. The DRCR.net stippthe identification, design, and
implementation of multicenter clinical researchiatives focused on diabetes-induced retinal
disorders. Principal emphasis is placed on clintigals, but epidemiologic outcomes and other

research may be supported as well.

The DRCR.net was formed in 2002 and currently ideBiover 115 participating sites (offices) with
over 400 physicians throughout the United States. DRCR.net is funded by the National Eye
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Institute (NEI), which is a part of the Nationaktitutes of Health, the branch of government that

funds medical research.

The DRCR.net has completed multiple clinical triedsluating the role of anti-vascular endothelial
growth factor (anti-VEGF), laser treatment, andicosteroids in DME, anti-VEGF efficacy in PDR
and vitreous hemorrhage, and even diabetes ednaHffrctiveness on DME. Most importantly,
DRCR.net Protocol T (Comparative Effectiveness $widntravitreal Aflibercept, Bevacizumab,

and Ranibizumab for Diabetic Macular Edema) comgéne effectiveness of ranibizumab,
aflibercept, and bevacizumab in the treatment ofEdfThis study found that all three drugs resulted
in improvement in visual acuity at 1 year with damisafety profiles. However, the mean visual
acuity using aflibercept was better for eyes witual acuity of 20/50 or worse at 1 year. At 2 gear
the mean visual acuity in the aflibercept was m@g&r superior to ranibizumab, although it remained

superior to bevacizumab.

Another important treatment comparison was dorfergtocol |: Intravitreal Ranibizumab for

Diabetic Macular Edema with Prompt vs. Deferreddra&reatment. Three-year results were reported
in 2012. The study utilized ranibizumab monthlyiLimiprovement no longer occurred (with
resumption if the condition worsened) and randosigasnent to focal/grid laser treatment promptly
or deferred*24 weeks). The 3-year results suggest that foddligser treatment at the initiation of
intravitreal ranibizumab is no better, and possibtyse for vision outcomes, than deferring laser

treatment fop24 weeks in eyes with DME involving the fovea arithwision impairment?

A previous publication from Protocol | results comfed the 1-year results that intravitreal
ranibizumab with prompt or deferred laser was neffective through 2 years compared with prompt
laser alone for the treatment of DME involving trentral macula. Laser was not associated with
endophthalmitis, the rare but potentially devastatiomplication of injecting ranibizumab. In
pseudophakic eyes, results with intravitreal triarolone plus prompt laser appeared similar to
results in the ranibizumab arms and were more &@ffethan laser alone, but the triamcinolone plus

prompt laser arm had an increased risk of IOP &fmva®

Most recently, the DRCR.net Protocol S evaluatedetiects of anti-VEGF versus PEPIn a
randomized, multicenter, noninferiority trial, 38ges of 305 adults with PDR were randomized to
receive either PRP or anti-VEGF therapy. RanibiZzu®®& mg was given at baseline and as
frequently as every 4 weeks based on a structetegiatment design. Eyes in both groups were
allowed ranibizumab if DME was present. In eyesWwHDR, ranibizumab was not inferior to PRP in
terms of visual acuity outcomes at 2 years. Meanaliacuity improvement was +2.8 letters for
ranibizumab and +0.2 letters for PRP-treated €§€8.001). When the totality of the visual acuity
data was included (area under the curve analysie} given ranibizumab had overall better visual
acuity outcomes than eyes treated with PRP. Theseless mean reduction in peripheral visual field
(-23 dB vs. -422 dBP<0.001) with ranibizumab than with PRP treatmethie Tates for vitrectomy

were more frequent (15% vs. 4R%x0.001), and DME development was more frequent (2898%;
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P<0.001) in the PRP group than in the ranibizumaupr Moreover, rates of active

neovascularization or rates of regression of nenuasgzation were similar between the two groups.

STUDY OF RANIBIZUMAB INJECTION IN SUBJECTS WITH CLINICALLY SIGNIFICANT DIABETIC
MACULAR EDEMA WITH CENTER INVOLVEMENT SECONDARY TO DIABETES MELLITUS (RISE AND
RIDE)

14
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The RISE and RIDE trials were parallel phase llltnanter double-masked sham injection—
controlled randomized studies conducted at prigatbuniversity-based retina specialty clinics i@ th

United States and South America. (See Glossary.)

The phase lll results for both studies were publisim 2012. The studies utilized monthly intraatre
ranibizumab (0.5 or 0.3 mg) or sham injectionshwitacular laser available if needed. The study
concluded that ranibizumab rapidly and sustainabfroved vision, reduced the risk of further
vision loss, and improved macular edema in patieitts DME, with low rates of ocular and

nonocular side effect§’

RANIBIZUMAB FOR EDEMA OF THE MACULA IN DIABETES (READ-2)

READ-2 was a phase Il multicenter randomized cdietidrial that compared 0.5 mg injections of
ranibizumab versus focal laser treatment over 2syieapatients with type 1 or type 2 diabetes
mellitus and DME. Patients randomized to one arheftrial received ranibizumab at baseline, and
at 1, 3 and 5 months after baseline; a second ezgived laser treatment at baseline and at 3 months
(if needed); the third arm received both ranibizbraad laser treatment at baseline and 3 months.
From month 5, all subjects received ranibizumabrie2enonths and/or maintenance laser treatment

every 3 months.

At 24 months, differences between the groups wetetatistically significant, and all groups
experienced improved visual acuity. Patients reéngicombined ranibizumab and laser treatment

required fewer injections than patients receiviagibizumab aloné&”?

BEVACIZUMAB OR LASER THERAPY (BOLT) STUDY

BOLT was a phase Il 2-year randomized controlled that compared intravitreal 1.25 mg
bevacizumab injections and focal laser treatmepgiients with persistent DME and visual
impairment. Bevacizumab patients received an ilgaatvery 6 weeks, whereas laser patients were

treated every 4 weeks.

At 2 years, visual acuity results were substantiaditter in the bevacizumab group compared with the
laser group, with significant differences in theportions of patients gaining 10 letters and 1tetst
No patients lost 10 or more letters in the bevanii group, compared with 14% of patients treated

with laser?®
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1  DIABETIC MACULAR EDEMA AND VASCULAR ENDOTHELIAL GROWTH FACTOR TRAP-EYE: VIVID

2 ANDVISTA

3 These studies compared the efficacy and safetyti@itreal aflibercept injection (IAl) with macula

4 laser photocoagulation surgery for DME. Visual ioy@ment were observed in the 1Al treatment

5 regimens over laser control at 52, 100 and 148 sudekidence of adverse events was consistent with

6 the known safety profile of 1A%

7  COMPARISON OF DRUGS

The DRCR.net compared the efficacy and safety edtieumab, ranibizumab, and aflibercept in a
multicentered, randomized clinical trigf. At the primary endpoint at 1 year, the mean change

10 vision was greater for aflibercept than for eitbkthe other two drugs. However, the mean visual
11 acuity changes were dependent on the baselineladsuiy. For eyes with milder visual acuity loss,
12 the drugs resulted in similar visual outcomes (@&t@ aflibercept, 7.5 with bevacizumab, and 8.3
13 with ranibizumabf>0.50 for each pairwise comparison). However, fa@sewith 20/50 or worse
14 vision, the mean visual acuity in eyes treated waftibercept had greater improvements in vision
15 (18.9 with aflibercept, 11.8 with bevacizumab, ddd2 with ranibizumab®<0.001 for aflibercept vs.
16 bevacizumabP=0.003 for aflibercept vs. ranibizumab, a@P0.21 for ranibizumab vs.
17 bevacizumab). There were no significant differerinastes of adverse events. However, at 2 years,
18 the mean visual acuity results were similar foilveaumab and aflibercept, although aflibercept
19 results remained significantly better than bevaciah results. There was a slightly higher rate of
20 Antiplatelet Trialists' Collaboration (APTC) eventith ranibizumab compared with the other two
21 drugs at the 2-year endpoint. All three drugs imprbvisual acuity at 2 years, and the number of
22 injections decreased in year 2 compared to year 1.
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APPENDIX 4. GLYCEMIC CONTROL

The Diabetes Control and Complications Trial (DC@MBs a multicenter, randomized controlled trial
designed to study the connection between glyceomtral and retinal, renal, and neurologic complmad

of type 1 diabetes mellitus. Published results ftbis trial demonstrated that improved blood suagaatrol
can delay the onset and slow the progression bktiaretinopathy, nephropathy, and neuropathype tl
patients! The DCCT showed a strong exponential relationbleimveen the risk of diabetic retinopathy and
the mean HbAlevel. For each 10% decrease in the HA.g., from 9% to 8.1%), there was a 39%
decrease in the risk of progression of retinopatfer the range of HbAvalues. There was no glycemic
threshold when the risk of retinopathy was elimeolaabove the nondiabetic range of Hb@% to 6.05%).

After 6.5 years of follow-up, the DCCT ended, atigpatients were encouraged to pursue strict cbofro
blood sugar. Most of these patients are beingvi@hbin the Epidemiology of Diabetes Interventiond a
Complications (EDIC) study, which includes 95% loé tDCCT subjects. A total of 1294 to 1335 patients
have been examined annually in the EDIC study.Heunprogression of diabetic retinopathy duringftiss

4 years of the EDIC study was 66% to 77% lesséfdhmer intensive treatment group than in the farm
conventional treatment grodpThe benefit persisted even at 7 years. This beinefuded an effect on
severe diabetic retinopathy, including severe naolifprative diabetic retinopathy (NPDR), prolifeirag
diabetic retinopathy (PDR), clinically significamtacular edema, and the need for focal/grid or piavale
laser photocoagulation surgéRyThe decrease in HhAfrom 9% to approximately 8% did not drastically
reduce the progression of diabetic retinopathjheformer conventional treatment group, nor did the
increase in HbA from approximately 7% to approximately 8% drashcaccelerate diabetic retinopathy in
the former intensive treatment grotipThus, it takes time for improvements in controhemate the long-
lasting effects of prior prolonged hyperglycemiag @nce the biological effects of prolonged impibve
control are manifest, the benefits are long-lastiagthermore, the total glycemic exposure of tatgmt

(i.e., degree and duration) determines the dedrestinopathy observed at any one time.

A positive relationship between the 4-year incideand progression of retinopathy and glycosylated
hemoglobin remains after controlling for other riaktors, such as duration of diabetes and sewvafrity
retinopathy at a baseline examinatfof®**Extrapolation of pathologic and clinical experierstrongly
suggests that poor levels of control contributentoroangiopathy, including retinopathy? The development

of PDR parallels an increased risk of nephropatiygcardial infarction, and/or cerebral vasculardemats.

Although good glycemic control is advised, thersasne evidence that rapid improvement of long-stand
poor control may increase the risk of retinopattggpession over the first year for some patientsos
10% of type 1 patients who had initial retinopaéthyhe beginning of the DCCT had increased retitigpa
progressiori?* Specifically, there may be a transient increasémnumber of cotton wool spots seen on
retinal examination. Frequent ophthalmologic maitg is important when diabetic patients are being

brought under better metabolic contf.

46



o 0o~ WN P

o0

10
11
12
13

14
15
16
17

18
19
20
21
22
23
24

25
26
27
28
29
30

31
32
33
34

35
36
37

Diabetic Retinopathy PPP — Journal Submission Draft —9/18/19

In the DCCT there was a threefold increase in seligpoglycemic events and excess weight gain among
patients using intensive treatment regimens. Irs@@aisk of hypoglycemia is a consequence of ditaxd
glucose control. Irregular food intake, failurectreck blood glucose before planned or unplannearoig
exercise or before operating a motor vehicle, awgss alcohol are risk factors for hypoglycemiatiaies
mellitus education and regular reinforcement shaghrovided by diabetes nurses and dietitian ddtsa

and may help minimize the risk of hypoglycemia.

The United Kingdom Prospective Diabetes Study (USP15'?°a randomized controlled clinical trial of
blood glucose control, enrolled 3867 patients wighvly diagnosed type 2 diabetes. Intensive bloadage
control by either the sulfonylureas or insulin a@ed the risk of microvascular complications lottihe
risk of macrovascular disease. There were no ae\adfacts of the individual drugs on the cardiovgec
outcome. In this study, there was a 29% reductidhe need for retinal photocoagulation in the grthat
had intensive glucose therapy compared with thosehad conventional treatment (relative risk, D986
confidence interval, 0.53-0.98:=0.003).

The ACCORD (Action to Control Cardiovascular RiskDiabetes) study (www.accordtrial.org) was a large
clinical trial of adults with established type Zatdetes who are at especially high risk of cardiowvizs
disease (CVD). Type 2 diabetes increases the fiaknomber of complications, especially CVD, whish

the leading cause of early death in people witheties.

The ACCORD study consisted primarily of three dalitrials that tested treatment approaches tométe
the best ways to decrease the high rate of maj@ €ents—heart attack, stroke, or death from CVD—
among people with type 2 diabetes who are at ealhehigh risk of having such a CVD event. Theseéh
treatment approaches were intensive lowering adkugar levels compared with a more standard blood
sugar treatment; intensive lowering of blood presswmpared with standard blood pressure treatraedit;
treatment of multiple blood lipids with two drugs—fiarate plus a statin—compared with one drugasirst

alone?®®

The study began enrolling participants in 2001 txudk place in 77 clinical sites across the Unitéates and
Canada. A total of 10,251 adults with establistype 2 diabetes participated in ACCORD. At enrollipen
study participants were between age 40 and 79dgeeage 62), had diabetes for an average of 18, \azal
were at especially high risk for CVD events becahsg already had pre-existing CVD, evidence of
subclinical CVD, or at least two CVD risk factorsaddition to type 2 diabetes. The other CVD resttdrs

could be high low-density lipoprotein cholestefogh blood pressure, smoking, or obesity.

The primary outcome measure for all three trials te first occurrence after randomization of aanaj
CVD event, specifically nonfatal heart attack, raaaf stroke, or CVD death. Secondary outcomes declu
total mortality (death), microvascular outcomeg(eeye, kidney, and nerve complications), heathted

quality of life, and cost-effectiveness.

All three ACCORD clinical trials have ended. Thetidaal Heart, Lung, and Blood Institute (NHLBI)
stopped the intensive blood sugar lowering strate @008 due to safety concerns. Participantsén th

intensive blood sugar treatment strategy group wWwaresitioned to the standard treatment stratefg. Blood
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pressure and lipid treatment trials continued uhglplanned end of the study in 2009. In its ragrgview
of the available study data, the ACCORD Data arfétgdonitoring Board (DSMB) noticed an unexpected
increase in total deaths from any cause amongcjgEatits who had been randomly (by chance) assigned
the intensive lowering of blood sugar levels greaompared with those assigned to the standard lsogdr
treatment group. The data analyses showed thataovaverage of 3.5 years of treatment (ranging from
about 2 years to about 7 years), 257 participantise intensive group died compared with 203 in the
standard group—a difference of 54 deaths, or arssxof about 3 deaths per 1,000 participants tidatea
year. This translates to a statistically significa®% higher rate of death in the intensive grdwgmtin the

standard group.

There was a trend toward lower (10% lower) ratprofiary outcome events, primarily nonfatal heart
attacks, in the intensive group compared with thadard treatment group. However, the DSMB
recommended discontinuing intensive blood sugatiment because the harm of the intensive strategy
outweighed the potential benefit. The NHLBI accéptee DSMB’s recommendation and decided to

transition all participants to the standard bloodas strategy.

The results of the blood sugar trial were publisime20082°® There was no significant difference in the
primary study outcome between the intensive amtista blood pressure treatment groups. The primary
outcome was the time to first occurrence after oamdation of a heart attack, a stroke, or a ca@ioular
death. Thus, the primary hypothesis of the ACCORDtigal was not supported. There was, however, a
significant reduction in the rate of strokes, altgb the numbers were relatively small. This redurctn
stroke was consistent with previous blood preskwering trials. Overall, however, the findingsritahe
ACCORD blood pressure trial suggest that, on avertige standard treatment for lowering blood pressu

was just as good as the intensive lowering treatrfioercardiovascular outcomes.

The results of the lipdd” and the blood pressidfétrials were published in 2010. Overall, the filerand the
placebo groups did not differ in the rates of tbembined outcome of heart attacks, strokes, or ceadicular
death. The results, however, suggest that men ewsfib from this treatment, but there was a trewveeird
more cardiovascular problems in women receivingctivabination therapy compared with those who
received statins only. Also, the group of patiemt® at the start of the trial had the lowest lenfethigh-
density lipoprotein (HDL) cholesterol combined witte highest level of triglycerides (which represeh
only 17% of the ACCORD participants) may have bitef from this combined drug treatment.

More recently, the American College of Physicianblfghed their glycemic control guidance statentent
guide clinicians in selecting targets for pharmaga treatment of type 2 diabetes based on the AGRE
(Appraisal of Guidelines for Research and Evalumtipinstrument, which was used to evaluate the
guidelines’® The National Guideline Clearinghouse and the Qinide International Network library were
searched (May 2017) for national guidelines pullisin English that addressed Hi#argets for treating
type 2 diabetes in nonpregnant outpatient adutis.ifivestigators also identified guidelines from the
National Institute for Health and Care Excellennd #he Institute for Clinical Systems Improvement.

addition, four commonly used guidelines were readdrom the American Association of Clinical
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Endocrinologists and the American College of Entmtogy, the American Diabetes Association, the
Scottish Intercollegiate Guidelines Network, anel s Department of Veterans Affairs and Departnoént
Defense. They found that the ideal target thathagity balances benefits and harms remains uncefthgir
four guidance statements emphasize the importanmersonalizing the glycemic goals in patients vtjhe
2 diabetes on the basis of the benefits/harms balahpharmacotherapy, patient preference, and life
expectancy. They suggest an Hpgoal range of 7% to 8% for most patients. Thesleas also recognized
the studies that showed that more intensive glycemintrol likely requires a long time to manifeshus,
more stringent targets may be appropriate for pttieho have a long life expectancy (>15 yearsijtheu,
most of the guidelines noted that a target in tireel end of the range (7%) applied best to patieitts

newly diagnosed diabetes and those without subiataibetes-related complications.
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APPENDIX 5. CLASSIFICATION OF DIABETIC
RETINOPATHY IN THE EARLY TREATMENT
OF DIABETIC RETINOPATHY STUDY

The Early Treatment of Diabetic Retinopathy StugYIDRS) classification of diabetic retinopathy and

definitions of macular edema are in Tables A6-1.

TABLE A6-1  CLASSIFICATION OF DIABETIC RETINOPATHY IN THE EARLY TREATMENT OF DIABETIC RETINOPATHY STUDY

Disease Severity Level

Findings Observable upon Dilated Ophthalmoscopy

Mild nonproliferative retinopathy

At least 1 microaneurysm, and definition not met for moderate
nonproliferative retinopathy, severe nonproliferative retinopathy, early
proliferative retinopathy, or high-risk proliferative retinopathy (see below)

Moderate nonproliferative retinopathy

Hemorrhages and/or microaneurysms > standard photograph 2A*; and/or
soft exudates, venous beading, or intraretinal microvascular abnormalities
definitely present; and definition not met for severe nonproliferative
retinopathy, early proliferative retinopathy, or high-risk proliferative
retinopathy (see below)

Severe nonproliferative retinopathy

Cotton wool spots, venous beading, and intraretinal microvascular
abnormalities all definitely present in at least two of fields 4 through 7; or 2 of
the preceding 3 lesions present in at least two of fields 4 through 7 and
hemorrhages and microaneurysms present in these 4 fields, > standard photo
2A in at least one of them; or intraretinal microvascular abnormalities present
in each of fields 4 through 7 and > standard photograph 8A in at least two of
them; and definition not met for early proliferative retinopathy or high-risk
proliferative retinopathy (see below)

Early proliferative retinopathy (i.e.,
proliferative retinopathy without Diabetic
Retinopathy Study high-risk characteristics)
(see Glossary)

New vessels; definition not met for high-risk proliferative retinopathy (see
below)

High-risk proliferative retinopathy (i.e.,
proliferative retinopathy with Diabetic
Retinopathy Study high-risk characteristics)
(see Glossary)

New vessels on or within 1 disc diameter of the optic disc > standard
photograph 10A* (about one-quarter to one-third disc area), with or without
vitreous or preretinal hemorrhage; or vitreous and/or preretinal hemorrhage
accompanied by new vessels, either new vessels at the optic disc < standard
photograph 10A or new vessels elsewhere > one-quarter disc area

Adapted with permission from the Early Treatment Diabetic Retinopathy Study Research Group. Early Treatment Diabetic Retinopathy
Study design and baseline patient characteristics: ETDRS report number 7. Ophthalmology 1991;98:742.

* Early Treatment Diabetic Retinopathy Study Research Group. Grading diabetic retinopathy from stereoscopic color fundus
photographs--an extension of the modified Airlie House classification: ETDRS report number 10. Ophthalmology 1991;98:786-806

50



GLOSSARY

Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial: A large multicenter clinical trial that
evaluated intensive control of blood sugar, intemsiontrol of blood pressure, and statin theragth(ar
without fibrate treatment) for the prevention ofdiavascular disease events among high-risk patieith
type 2 diabetes.

ACCORD: See Action to Control Cardiovascular Risk in Diasetrial.
Anti-VEGF: See Anti-vascular endothelial growth factor.

Anti-vascular endothelial growth factor (anti-VEGF): Substances that inhibit the action of vascular
endothelial growth factor protein.

Bevacizumab or Laser Treatment (BOLT) study: A randomized trial that evaluated intravitreal b@zamab
or conventional laser treatment for center-involiz?8dE

BOLT: See Bevacizumab or Laser Treatment study.

Clinically significant macular edema (CSME): Retinal thickening at or within 500 um of the aamf the
macula; and/or hard exudates at or within 500 pthetenter of the macula, if associated with thitkg
of the adjacent retina; and/or a zone or zonestofal thickening 1 disc area in size, any panvbich is
within 1 disc diameter of the center of the macula.

CSME: See Clinically significant macular edema.

ci-CSME: Center-involved CSME.

DA VINCI: See DME and VEGF Trap-Eye: Investigation of Clihicapact study.
DCCT: See Diabetes Control and Complications Trial.

Diabetes Control and Complications Trial (DCCT): A multicenter, randomized, controlled trial desidrie
study the connection between glycemic control atidhal, renal, and neurologic complications of type
diabetes mellitus. (See Appendix 5.)

Diabetes mdllitus: According to the American Diabetes Association éxgiCommittee on the Diagnosis and
Classification of Diabetes Mellitus, the criter@ the diagnosis of diabetes mellitus are as falow

¢ Fasting plasma glucose equal to or exceeding 126lm@.0 mmol/L). Fasting is defined as no
caloric intake for at least 8 hours.

or

¢ Symptoms of hyperglycemia and a casual plasma giuconcentration equal to or exceeding 200
mg/dL (11.1 mmol/L). “Casual” is defined as any &imf day without regard to time since last meal.
The classic symptoms of hyperglycemia include padypolydipsia, and unexplained weight loss.

or

¢ A plasma glucose measurement at 2 hours postlazal emor exceeding 200 mg/dL (11.1 mmol/L)
during an oral glucose tolerance test. The testldhme performed as described by the World Health
Organization, using a glucose load containing thévalent of 75 g anhydrous glucose dissolved in
water. However, the expert committee has recomnteadainst oral glucose tolerance testing for
routine clinical use. (Source: Report of the Exgggstnmittee on the Diagnosis and Classification of
Diabetes Mellitus. Diabetes Care 2008;31 (suppig65

Diabetic macular edema: The accumulation of fluid in the macula due to leblood vessels.

Diabetic Retinopathy Clinical Research Network (DRCR.net): A multicenter trial that is evaluating
different treatment modalities for diabetic retiatipy.
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Diabetic Retinopathy Study (DRS): A study designed to investigate the value of xem@nand argon
photocoagulation surgery for patients with seveRDR and PDR. (See Appendix 4.)

Diabetic Retinopathy Vitrectomy Study (DRVS): A study that investigated the role of vitrectomy i
managing eyes with very severe PDR. (See Appendlix 4

DME: See Diabetic macular edema.

DME and VEGF Trap-Eye: Investigation of Clinical Impact (DA VINCI) study: A randomized trial of the
use of aflibercept for DME.

DRCR.net: See Diabetic Retinopathy Clinical Research Network.
DRS: See Diabetic Retinopathy Study.
DRVS: See Diabetic Retinopathy Vitrectomy Study.

Early Treatment Diabetic Retinopathy Study (ETDRS): A study that investigated the value of
photocoagulation surgery for patients with NPDRPBIR who did not have high-risk characteristics g(Se
Appendix 4.)

Early proliferative diabetic retinopathy (i.e., proliferative retinopathy without DRS higisk
characteristics)New vessels that do not meet the criteria of higk-proliferative retinopathy.

EDIC: See Epidemiology of Diabetes Interventions and Qlarations study.

Epidemiology of Diabetes | nterventions and Complications (EDI C) study: An observational study
following 95% of the DCCT subjects. (See Appendix 5

ETDRS: See Early Treatment Diabetic Retinopathy Study.

Fenofibrate | ntervention and Event Lowering in Diabetes (FIELD) study: A large randomized controlled
type 2 diabetes mellitus.

FIELD study: See Fenofibrate Intervention and Event Lowerm@iabetes study.

Focal photocoagulation: A laser technique directed to abnormal blood Vessith specific areas of focal
leakage (i.e., microaneurysms) to reduce chronid feakage in patients with macular edema.

Grid photocoagulation: A laser technique in which a grid pattern of smalturns is applied in areas of
diffuse macular edema and nonperfusion. Typic#lijprescein angiograms of these areas show a diffus
pattern rather than focal leakage.

High-risk proliferative diabetic retinopathy (PDR): New vessels on or within 1 disc diameter of thiécop
disc equaling or exceeding standard photograph(2BAut one-quarter to one-third disc area), with or
without vitreous or preretinal hemorrhage; or \atre and/or preretinal hemorrhage accompanied by new
vessels either on the optic disc less than startastbgraph 10A or new vessels elsewhere equaling o
exceeding one-quarter disc area.
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Standard photograph 10A defines the lower border of moderate NVD. NVD
covers approximately one-third the area of the standard disc. This extent of
NVD alone would constitute PDR with high-risk characteristics.

Reprinted with permission from the Early Treatment Diabetic Retinopathy Study Research Group. Grading diabetic retinopathy from
stereoscopic color fundus photographs--an extension of the modified Airlie House classification: ETDRS report number 10.
Ophthalmology 1991;98:786-806.

ICD-9: International Statistical Classification of Diseas@d Related Health Problems, Ninth Edition.
ICD-10: International Statistical Classification of Diseasnd Related Health Problems, Tenth Edition.

I ntraretinal microvascular abnormalities (IRMA): Tortuous intraretinal vascular segments, varying i
caliber from barely visible to 31 um in diametendequarter the width of a major vein at the discgimg;
they occasionally can be larger. Intraretinal miascular abnormalities may be difficult to distirgjufrom
neovascularization.

IRMA: See Intraretinal microvascular abnormalities.

Macular edema: Thickening of the retina within 1 or 2 disc diaerstof the center of the macula. (See
Clinically significant macular edema.) Any otheickening of the macula not within this area is TO8ME.

Mild nonproliferative diabetic retinopathy (NPDR): At least 1 microaneurysm and less than moderate
nonproliferative diabetic retinopathy.

Moderate nonproliferative diabetic retinopathy (NPDR): Hemorrhages and/or microaneurysms greater than
standard photograph 2A, and/or soft exudates, \&heading, or IRMA present but less than severe
nonproliferative retinopathy.

Moderate visual loss: The loss of 15 or more letters on the ETDRS viswalty chart, or doubling of the
visual angle (e.g., 20/20 to 20/40, or 20/50 td.20}.

nci-CSME: Non-center-involved CSME.

New vessels at the optic disc (NVD): New vessels at the optic disc; neovascularizatioorawvithin 1 disc
diameter of the optic disc.

New vessels elsawhere in theretina: New vessels elsewhere in the retina; neovascutamzalsewhere in
the retina and greater than 1 disc diameter fraofitic disc margin.

New vessels on theiris: New vessels on the iris; neovascularization ofittise

Nonpraliferative diabetic retinopathy (NPDR): The phases of diabetic retinopathy with no evigeofc
retinal neovascularization.

NPDR: See Nonproliferative diabetic retinopathy.
NVD: See New vessels at the optic disc.

OCT: See Optical coherence tomography.
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Optical coherence tomography (OCT): A diagnostic test using low energy lasers thag¢ ek cross-section
image of the retina, Used mostly to determineéf¢hare membranes on the surface of the maculaidr f
within or beneath it.

Panretinal photocoagulation: A type of laser surgery used for patients with PDRe surgery is delivered in
a scatter pattern throughout the peripheral furathasis intended to lead to a regression of
neovascularization.

PDR: SeeProliferative diabetic retinopathy.

Proliferative diabetic retinopathy (PDR): Advanced disease characterized by NVD and/or resgels
elsewhere in the retina.

Quality-adjusted life year (QALY): A measure of health outcome that assigns to eaahof a patient’s life
a weight (ranging from 0 to 1) corresponding toliealth-related quality of life during that yeauch that a
value of 1 indicates a year of optimal health andlae of O indicates a year in a health stategddg
equivalent to death.

QALY: See Quality adjusted life year.

Ranibizumab for Edema of the mAcula in Diabetes (READ-2) study: A prospective multicenter randomized
controlled trial that compared 0.5 mg ranibizumat Eser photocoagulation surgery for the treatroént
DME.

READ-2: See Ranibizumab for Edema of the mAcula in Diabstiegy.

Retinal hard exudate: Protein and lipid accumulation within the retina.

RIDE: A study of ranibizumab injection in subjects W8l$sME with center-involvement secondary to
diabetes mellitus.

RISE: A study of ranibizumab injection in subjects wilmically significant macular edema with center-
involvement secondary to diabetes mellitus.

Scatter photocoagulation: See Panretinal photocoagulation.

Severe nonproliferative diabetic retinopathy (NPDR): Using the 4-2-1 rule, the presence of at leastadne
the following features: (1) severe intraretinal leerhages and microaneurysms, equaling or exceeding
standard photograph 2A, present in 4 quadr&®jsjenous beading in 2 or more quadrants (standard
photograph 6A); or (3) moderate IRMA equaling oceading standard photograph 8A in 1 or more

quadrants.

aall

et

/

®
/
__,f b |
po " 3 Standard photograph 2A, the standard for hemorrhages/microaneurysms.
— Eyes with severe NPDR have this degree of severity of hemorrhages and

microaneurysms in all 4 midperipheral quadrants.

e
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Standard photograph 6A, less severe of two standards for venous beading.
Two main branches of the superior temporal vein show beading that is definite
but not severe.

Standard photograph 8A, the standard for moderate IRMA. Patients with
severe NPDR have moderate IRMA of at least this severity in at least 1
quadrant.

Reprinted with permission from the Early Treatment Diabetic Retinopathy Study Research Group. Grading diabetic retinopathy from
stereoscopic color fundus photographs--an extension of the modified Airlie House classification: ETDRS report number 10.
Ophthalmology 1991;98:786-806.

Severevisual loss. Occurrence of visual acuity worse than 5/200 gttaro consecutive visits scheduled at
4-month intervals.

UKPDS: See United Kingdom Prospective Diabetes Study.

United Kingdom Prospective Diabetes Study (UKPDS): A randomized controlled clinical trial of blood
glucose control in patients with newly diagnosqukt? diabetes. (See Appendix 5.)

VIVID: A randomized, double masked, active controlled sehH study of the efficacy and safety of
repeated doses of intravitreal VEGF Trap-Eye irjexttb with DME.

VISTA: A randomized, double masked, active controlled sehH study of the efficacy and safety of
intravitreal administration of VEGF Trap-Eye in jeaits with DME.

WESDR: See Wisconsin Epidemiologic Study of Diabetic Rapiathy

Wisconsin Epidemiologic Study of Diabetic Retinopathy: A large epidemiologic study of complications
associated with diabetes and of risk factors aasetiwith those complications
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LITERATURE SEARCHES FOR THIS PPP

Literature searches of the PubMed and Cochrandaksta were conducted in April 2018; the search
strategies are provided at www.aao.org/ppp. Speaifited update searches were conducted after 20h@.

("Diabetic Retinopathy/epidemiology"[Mesh] OR "Digtiz
Retinopathy/ethnology"[Mesh])

("Diabetic Retinopathy"[Mesh]) AND ("Risk Factorsfesh])
"Diabetic Retinopathy"[Mesh] AND "natural historyigb]
"Diabetic Retinopathy/diagnosis"[Mesh]

"Diabetic Retinopathy/therapy"[Mesh]

"Diabetic Retinopathy"[Mesh] AND ((("Drug Therap§ombination"[Mesh] OR "Drug
Combinations"[Mesh]) OR "Combined Modality Therapyesh]) OR (combination[tiab]
OR combined[tiab]))

"Diabetic Retinopathy"[Mesh] AND "Cost of llines#esh]

(("Diabetic Retinopathy"[Mesh] OR ("diabetic"[Alli€lds] AND "retinopathy") OR
"diabetic retinopathy") AND "Cost-Benefit Analysjslesh])) OR ("Diabetic

Retinopathy/economics"[Mesh]
("Diabetic Retinopathy/therapy”[Mesh] AND ("Qualitf Life"[Mesh]

"Diabetic Retinopathy"[Mesh] AND (("Quality of Lif§Mesh] NOT
("therapy"[Subheading] OR "therapy"[All Fields] OReatment" OR
"therapeutics"[MeSH Terms] OR "therapeutics"))

"Diabetic Retinopathy/genetics"[Mesh]
"Diabetic Retinopathy"[Mesh] AND (Guideline[ptyp]
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