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This educational activity consists of a supplement and twenty (20) study
questions. The participant should, in order, read the learning objectives
contained at the beginning of this supplement, read the supplement,
answer all questions in the post test, and complete the Activity Evaluation/
Credit Request form. To receive credit for this activity, please follow
the instructions provided on the post test and Activity Evaluation/Credit
Request form. This educational activity should take a maximum of
2.0 hours to complete.

CONTENT SOURCE

This continuing education (CE) activity captures content from a regional
dinner meeting series.

ACTIVITY DESCRIPTION

By the year 2050, it is estimated that the prevalence of visionthreatening diabetic retinopathy in the United States will nearly triple,
from 1.2 million (in 2005) to 3.4 million. Diabetic retinopathy is the
leading cause of blindness among working-aged adults. Approximately
half of patients with diabetes have some degree of diabetic retinopathy
or even diabetic macular edema at diagnosis. A rapid evolution in
ZLGH¿HOGUHWLQDOLPDJLQJHQDEOHVHDUOLHUGHWHFWLRQDQGPRUHDFFXUDWH
staging of diabetic retinopathy, which in turn facilitates timely referral and
treatment as well as provides prognostic information that can be used
for effective comanagement and patient education. Recent research
DOVRFRQWLQXHVWRUH¿QHWKHPDQDJHPHQWRIGLDEHWLFUHWLQRSDWK\DQG
diabetic macular edema. Diabetic retinopathy can now be treated in the
absence of diabetic macular edema. Additionally, some forms of diabetic
macular edema might be observed when vision is not affected. The
increasingly complex management of diabetic retinopathy and diabetic
macular edema requires a collaborative approach between optometrists
and retina specialists, with communication at the forefront. The desired
results of this activity are to enable optometrists to better identify
patients with diabetic retinopathy and diabetic macular edema and to
improve how care is coordinated so that effective treatment practices
can ultimately improve visual outcomes of patients with diabetes.

TARGET AUDIENCE

This activity intends to educate optometrists.

LEARNING OBJECTIVES

Upon completion of this activity, participants will be better able to:
• Appraise the role of peripheral retinal imaging in detection and
grading of diabetic retinopathy
• Differentiate stages of diabetic retinopathy in individual patients
 DFFRUGLQJWRJXLGHOLQHVDQGZLGH¿HOGXOWUDZLGH¿HOGLPDJHV
• Design monitoring and referral strategies for individual patients
according to severity of diabetic retinopathy
• Describe treatments for diabetic retinopathy and diabetic macular
edema to patients with diabetes
• Discuss treatment strategies for diabetic retinopathy and diabetic
macular edema with retina specialists
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PREVENTING VISION-THREATENING
COMPLICATIONS OF DIABETES

Aehjgnaf_A\]flaÚ[YlagfYf\EYfY_]e]fl
INTRODUCTION
The epidemiology of diabetes mellitus reveals an epidemic of
the disease. Diabetes affects more than 30 million people in the
United States today.1 Another 84 million have prediabetes and
are at risk of developing diabetes.1 By 2020, 43 million people
in the United States are projected to have diabetes; by 2030,
approximately half of all Americans will have either diabetes
(55 million) or prediabetes (108 million).2 Diabetic retinopathy
(DR)—a common microvascular complication of diabetes—is
the leading cause of vision loss and blindness in working-aged
Americans.3 Diabetic retinopathy also adversely affects quality
of life.4 The development of inhibitors of vascular endothelial
JURZWKIDFWRU 9(*) KDVVLJQL¿FDQWO\DOWHUHGWKHWKHUDSHXWLF
landscape for both DR and diabetic macular edema (DME).
&OLQLFDOWULDOVGHPRQVWUDWLQJWKHEHQH¿WRIDQWL9(*)WKHUDS\IRU
DME also demonstrated regression of DR, leading to the recent
3$125$0$VWXG\RIDÀLEHUFHSW²WKH¿UVWVWXG\GHVLJQHG
VSHFL¿FDOO\WRHYDOXDWH'5LPSURYHPHQWZLWKDQWL9(*)WKHUDS\
among eyes with nonproliferative DR (NPDR) without DME.5
,QWKLVHGXFDWLRQDODFWLYLW\WKHFOLQLFDO¿QGLQJVFKDUDFWHULVWLF
of DR as well as diagnosis, grading, treatment, and screening
recommendations will be reviewed.

DIABETES MELLITUS AND DIABETIC RETINOPATHY
Diabetes is a family of related conditions that share in common
hyperglycemia, which leads to microvascular complications—
such as retinopathy, nephropathy, and neuropathy—as well as
macrovascular complications—such as coronary heart disease
and stroke.6 Metabolic control of hyperglycemia is the mainstay
of diabetes therapy and can modify the risk of vascular
complications of the disease, including DR. Other risk factors
for diabetes include positive family history, hypertension,
hyperlipidemia, smoking, high body mass index, sleep apnea,
and certain ethnicities/races (African American, Hispanic, and
Native American).7-9
Diabetic retinopathy is the leading cause of vision loss and
blindness among adults aged 20 to 74 years in the United
States.3 Diabetic retinopathy is nearly ubiquitous among people
ZLWKORQJVWDQGLQJGLDEHWHVDIWHU\HDUVZLWKWKHGLVHDVH
nearly 100% of people with type 1 diabetes10 and 60% of people
with type 2 diabetes11 have some degree of DR. Numerous
studies have demonstrated that optimal control of blood glucose
levels and cardiovascular risk factors reduces the risk of
both the development and progression of DR.12,13 Even small
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Table. Diabetic Retinopathy Severity Scale and Clinical Features That Differentiate Stages7,15-17
International Council of
Ophthalmology
No DR
Mild NPDR

0RGLÀHG(7'56

(7'56

Clinical Features

Follow-Up/
5HIHUUDO*XLGHOLQH

Healthy

10, 12

No abnormalities

Follow up in 6 months to 2* years

14, 15, 20

Microaneurysms only

Follow up in 6-12 months;
referral not required

Very mild NPDR
Mild NPDR

Moderate NPDR

35, 43

Moderately severe
NPDR

47

Moderate plus:
• Severe hemorrhages
• ,50$LQ¿HOGV
• Venous beading

Severe NPDR

53

4-2-1 rule: Any of the following and
no signs of proliferative retinopathy:
• Severe intraretinal hemorrhages
and microaneurysms in each of
4 quadrants
• 'H¿QLWHYHQRXVEHDGLQJLQ2 or
more quadrants
• Moderate IRMA in 1 or more
quadrants

Prompt referral

Mild PDR

60, 61

Moderate PDR

65

Prompt referral

High-risk PDR

71, 75, 81, 85

Severe NPDR plus:
• Neovascularization
• Vitreous/Preretinal hemorrhage

Moderate NPDR

Severe NPDR

PDR

Microaneurysms plus:
• Mild or moderate hemorrhages
• Hard exudates
• Cotton wool spots
• ,50$LQ¿HOGV

Follow up in 3-6 months;
referral not required unless
DME is present (AOA);
referral required
(AAO, ICO)

Abbreviations: AAO, American Academy of Ophthalmology; AOA, American Optometric Association; DR, diabetic retinopathy; ETDRS, Early
Treatment Diabetic Retinopathy Study; ICO, International Council of Ophthalmology; IRMA, intraretinal microvascular abnormality; NPDR,
nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy.
* Follow-up extension to 2 years should be considered only in low- or intermediate-resource settings. In high-resource settings, follow-up should
occur at least yearly.

improvements in glucose control can have positive effects on
outcomes—as little as a 1% reduction in HbA1c, which translates
to a 30-mg/dL drop in average blood sugar, can reduce the
risk of DR progression by 50%.14 Optometrists can positively
affect the course of DME and DR by counseling patients on the
importance of blood glucose optimization and to seek help from
their physicians and dietitians for effective ways to maintain
acceptable blood glucose levels. Once a patient has developed
DR, optometrists play a vital role in identifying, staging, and
referring to a retina specialist. Retina specialists in turn are now
able to treat DR at an even earlier stage, preventing vision loss
that was once considered an inevitable consequence of the
disease.
Even small improvements in glucose control can have
positive effects on outcomes—as little as a 1% reduction
in HbA1c, which translates to a 30-mg/dL drop in average
blood sugar, can reduce the risk of DR progression by 50%.

DIABETIC RETINOPATHY: GRADING AND SCREENING
Diabetic retinopathy exists across a spectrum of severity. The
consensus international Diabetic Retinopathy Severity Scale
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(DRSS) (Table) lists 5 levels of DR, ranging from none to several
stages of NPDR to proliferative DR (PDR).7,15-17 The clinical
manifestations at each stage (Figure 1)UHÀHFWWKHFRQGLWLRQ¶V
underlying pathogenesis. Guidelines for evaluating and
managing DR have been developed by multiple organizations
dedicated to visual health, including the American Optometric
Association (AOA),7 the American Academy of Ophthalmology
(AAO),16 and the International Council of Ophthalmology (ICO).15
Each of these organizations has developed guidance on the
timing of referral, treatment, and next appropriate follow-up
interval, as determined by the clinical stage of DR.

Mild Nonproliferative Diabetic Retinopathy
The primary pathophysiologic insult in DR is to the small blood
vessels of the body. High blood glucose concentrations damage
the pericytes—the small support cells that line the retinal
capillaries and maintain their health and function. Early loss of
retinal capillary pericytes causes weakening of capillary walls.18
Focal loss of capillary support can give rise to outpouchings
in the capillaries called microaneurysms, which are the
characteristic lesion of mild NPDR. Mild NPDR can be safely
observed without treatment; reexamination is reasonable within
6 to 12 months.

10-20
Absent or Questionable

35
0LOG13'5

43
0RGHUDWH13'5

47
0RGHUDWHO\6HYHUH13'5

53
6HYHUH13'5

60
3'5 353

61
0LOG3'5

65
0RGHUDWH3'5

71
+LJK5LVN3'5

75
+LJK5LVN3'5

81
$GYDQFHG3'5

85
$GYDQFHG3'5

Figure 1.5HSUHVHQWDWLYHZLGH¿HOGFRORUIXQGXVSKRWRJUDSKVRIGLDEHWLFUHWLQRSDWK\DWYDULRXV(DUO\7UHDWPHQW'LDEHWLF5HWLQRSDWK\6WXG\
(numerals) and International Council of Ophthalmology (text) stages
Abbreviations: NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; PRP, panretinal photocoagulation.
Figure courtesy of Charles C. Wykoff, MD, PhD. All rights reserved.

Moderate Nonproliferative Diabetic Retinopathy

Severe Nonproliferative Diabetic Retinopathy

With persistent elevations of blood glucose, progressive retinal
vascular damage ensues. Weakened capillaries can also
rupture, leading to retinal dot/blot hemorrhages and, upon
resorption of blood, residual lipid accumulations in the retinal
tissue seen as hard exudates. These microvascular insults
contribute to tissue nonperfusion and hypoxia in capillary beds,
which can give rise to focal retinal ischemia, seen as cotton wool
spots. In some cases, shunt vessels will develop to supply areas
of nonperfused retina; these are called intraretinal microvascular
abnormalities (IRMAs). Once at this stage, the risk of
progression to PDR is 4.5% in 1 year, 14.4% in 3 years, and
25.1% in 5 years.17 According to the AAO and ICO guidelines,
moderate NPDR should be referred to a retina specialist,
whereas the AOA guidelines do not require referral unless DME
is present.7,15,16

Severe NPDR is the last stage of NPDR before PDR appears.
Diagnosis of severe NPDR follows a 4-2-1 rule: more than
20 intraretinal hemorrhages in each of the 4 quadrants; venous
beading in 2 or more quadrants; prominent IRMAs in 1 or
more quadrants; and no signs of PDR. At this stage, the risk of
progression to PDR is 51.5%, 71.1%, and 79.5% at 1, 3, and
5 years, respectively.17 Severe NPDR warrants prompt referral,
with consensus among the 3 guidelines.7,15,16

Moderately Severe Nonproliferative Diabetic Retinopathy
$OWKRXJKQRWSDUWRIWKHLQWHUQDWLRQDOFODVVL¿FDWLRQV\VWHPVRPH
physicians use an interim grade of “moderately severe” NPDR,
which is more severe than moderate NPDR but does not meet
the criteria for severe NPDR. The lesions seen at this stage
are the same as those in moderate NPDR, but are greater in
number. At this stage, the 1-, 3-, and 5-year risks of progressing
to PDR are 26%, 47.6%, and 66.4%, respectively.17 As with
moderate NPDR, moderately severe NPDR should be referred
to the retina specialist according to both the AAO and ICO
guidelines, although the AOA guidelines specify that this is only
necessary if DME is also present.7,15,16

Proliferative Diabetic Retinopathy
PDR is the natural consequence of untreated NPDR. Ischemic
tissues in eyes with NPDR release VEGF, a potent angiogenic
molecule that triggers the growth of new blood vessels in
an effort to restore tissue perfusion.19 Neovascularization
of the retina in a diabetic eye heralds the onset of PDR.
Neovascularization can occur from the surface of the optic disc
19' RUHOVHZKHUHLQWKHUHWLQD,QWKHFODVVL¿FDWLRQUXEULF
described previously, PDR is described as neovascularization of
the retina, vitreous/preretinal hemorrhage, or both.15 PDR poses
a greater threat to vision than does NPDR. As blood vessels
JURZLQUHVSRQVHWR9(*)UHOHDVHLQH\HVZLWK3'5¿EURXV
tissue accompanies the vascular tissue growth. These vessels
are fragile, and are prone to leak and to rupture, potentially
FDXVLQJVLJQL¿FDQWYLWUHRXVKHPRUUKDJHV(Figure 1, see
High-Risk PDR)$VWKH¿EURYDVFXODUWLVVXHVSUROLIHUDWHWKH\
create traction on the retina that can lead to retinal tears and
detachments. All cases of PDR warrant prompt referral.7,15,16
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Diabetic Macular Edema

A

B

In addition to its angiogenic activity, VEGF is also a potent
vascular permeability factor and causes retinal capillaries
to become leaky.19 Fluid that escapes from these capillaries
collects within the retinal tissue of the macula, leading to edema.
DME can occur in eyes with or without other forms of DR and is
a common cause of vision loss in people with diabetes. At the
time of diabetes diagnosis, only 2% to 3% of people will have
'0(EXWDIWHUOLYLQJZLWKGLDEHWHVIRU\HDUVDSSUR[LPDWHO\
30% of people will develop DME.20 All cases of DME warrant
prompt referral, the most urgent of which are those in which the
DME involves the center of the macula and those associated
with vision loss.7,15,16

C

D

Screening is crucial for detecting early DR before the onset
of vision loss. The guidelines of the AOA, AAO, and ICO also
include recommendations for screening.7,15,16 In general, patients
QHZO\GLDJQRVHGZLWKW\SHGLDEHWHVVKRXOGKDYHWKH¿UVWH\H
examination within 5 years and annual examinations thereafter,
whereas those with type 2 diabetes should be examined at
diagnosis and annually thereafter, unless there is reason for
more frequent evaluations, such as the presence of retinopathy.

DIABETIC RETINOPATHY IMAGING
)RUPDQ\\HDUVVWDQGDUGLPDJLQJIRU'5FRQVLVWHGRIFRORU
fundus photographs (often assembled into a collage) to
GRFXPHQW'5DQGWRHGXFDWHSDWLHQWVÀXRUHVFHLQDQJLRJUDSK\
(FA) was used to identify and stage DR lesions. In recent years,
ZLGH¿HOG²DQGQRZXOWUDZLGH¿HOG²LPDJLQJKDVHPHUJHG
as a powerful tool for the detection of DR, especially in the
SHULSKHUDOUHWLQDZKLFKLVGLI¿FXOWWRH[DPLQHDQGWRSKRWRJUDSK
E\VWDQGDUGPHDQV:LGH¿HOGLPDJLQJLVFHQWHUHGRQWKH
fovea and includes the retina in all 4 quadrants posterior to
DQGLQFOXGLQJWKHYRUWH[YHLQDPSXOODHZKHUHDVXOWUDZLGH¿HOG
imaging includes the far periphery of the retina, anterior to the
vortex vein ampulla (Figure 2).21 The Optos California device
is capable of providing a complete view of the vortex veins and
retinal periphery, without the need for montage, whereas the
CenterVue and Zeiss devices show a montage of 2 or more
LPDJHVWRDFKLHYHZLGH¿HOGLPDJLQJ
Although most DR lesions are found within the ETDRS (Early
7UHDWPHQW'LDEHWLF5HWLQRSDWK\6WXG\ VWDQGDUG¿HOGVPDNLQJ
up the posterior pole and representing approximately 30% of
the total retina area, approximately 30% of microaneurysms,
intraretinal microvascular abnormalities, and neovascularization
occur more peripherally.22 Interestingly, in a comparative grading
VWXG\EHWZHHQVWDQGDUGDQGXOWUDZLGH¿HOGLPDJLQJRI
H\HVZHUHFODVVL¿HGDVKDYLQJPRUHVHYHUH'5ZKHQSHULSKHUDO
retinal imaging was considered, suggesting that the disease
might not progress from the macula outward as once thought,
EXWUDWKHUPDQLIHVW¿UVWDQGPRUHVHYHUHO\LQWKHSHULSKHU\22
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E

Figure 2. Retinal imaging using fundus photography on different devices.
(A) Indocyanine green angiography captured with a Heidelberg device.21
The inner blue circle delineates the posterior pole, and the outer blue
FLUFOHGHOLQHDWHVWKHPLGSHULSKHU\DQGWKH¿HOGRIYLHZFDSWXUHGXVLQJ
ZLGH¿HOGLPDJLQJ7KHDUHDRXWVLGHWKHRXWHUEOXHFLUFOHLVGH¿QHG
DVWKHIDUSHULSKHU\DQGLPDJLQJWKDWFDSWXUHVWKLVDUHDLVGH¿QHGDV
XOWUDZLGH¿HOG % $QLPDJHFDSWXUHGZLWKD7RSFRQGHYLFHZLWKWKH
VWDQGDUG(DUO\7UHDWPHQW'LDEHWLF5HWLQRSDWK\6WXG\¿HOGVRYHUODLG21
& :LGH¿HOGLPDJLQJFDSWXUHGXVLQJD&HQWHU9XHGHYLFHZLWKPRQWDJH
' 8OWUDZLGH¿HOGLPDJLQJFDSWXUHGZLWKDQ2SWRVGHYLFH ( :LGH¿HOG
imaging captured using a Zeiss device and montage.
Abbreviation: OCT, optical coherence tomography.
Images courtesy of Steven Ferrucci, OD (Figure 2C), Charles C.
Wykoff, MD, PhD (Figure 2D), and Diana L. Shechtman, OD (Figure 2E)

Peripheral DR lesions also have an important prognostic value.
Over 4 years of follow-up, patients with predominantly peripheral
lesions (PPLs) had a 3.2-fold higher risk of progressing by
JUDGHVRQ'566 YVIRUSDWLHQWVZLWKRXW33/V 
and a 4.6-fold higher risk of developing PDR (25% vs 6% for
patients without PPLs).23 In other words, of patients who present
with more microaneurysms and/or hemorrhages in the periphery
WKDQLVREVHUYHGLQWKHFHQWUDO¿HOGVLQZLOOJRRQWRGHYHORS
PDR within 4 years without intervention. Surprisingly, patients
with PPLs might represent approximately 40% of patients with
NPDR, as indicated in the preliminary analysis of the Diabetic
5HWLQRSDWK\&OLQLFDO5HVHDUFK1HWZRUN¶V '5&55HWLQD
Network) Protocol AA data.24 It is reasonable to follow up with
these patients more frequently in order to ensure timely referral
when needed.
Over 4 years of follow-up, patients with predominantly
peripheral lesions (PPLs) had a 3.2-fold higher risk
RISURJUHVVLQJE\JUDGHVRQ'566 YV
for patients without PPLs) and a 4.6-fold higher risk of
developing PDR (25% vs 6% for patients without PPLs).

Fluorescein angiography can also be performed in conjunction
ZLWKXOWUDZLGH¿HOGLPDJLQJ7KLVWHFKQLTXHFDQKHOSLGHQWLI\
peripheral lesions, particularly areas of nonperfusion
that might not be evident on clinical examination or color
photography and that might be a sign of worsening DR.25 In
VRPHFDVHVXOWUDZLGH¿HOG)$FDQUHYHDORFFXOWKHPRUUKDJH
or neovascularization that is not evident on color fundus
photography (Figure 3). This observation suggests that in
certain patients, earlier referral to a retina specialist for FA
could potentially help accurately grade DR and enable timely
treatment to avert loss of vision.
A

B

Figure 3. $ 8OWUDZLGH¿HOGFRORUIXQGXVSKRWRJUDSK\VXJJHVWLYH
of moderate NPDR. (B) Fluorescein angiography of the same eye
as in (A), showing widespread peripheral nonperfusion, numerous
microaneurysms, and neovascularization indicative of PDR.
Images courtesy of Diana L. Shechtman, OD

TRANSLATING RECENT ADVANCES TO BETTER TREATMENT
OF DIABETIC RETINOPATHY
7KHEHVWZD\WRWUHDW'5LVWRSUHYHQWLWLQWKH¿UVWSODFHZKLFK
can potentially be accomplished with intensive blood glucose
management.12,13 Laser panretinal photocoagulation (PRP) was
the only mainstay of therapy for severe NPDR and PDR for
decades. More recently, the intravitreal injection of drugs that
inhibit VEGF has been shown to be effective in treating NPDR,
3'5DQG'0(7KHVHGUXJVLQFOXGHDÀLEHUFHSWUDQLEL]XPDE
DQGEHYDFL]XPDE2IWKHVHRQO\DÀLEHUFHSWDQGUDQLEL]XPDE
ZHUHGHYHORSHGDQGIRUPXODWHGVSHFL¿FDOO\IRULQWUDRFXODUXVH
have been evaluated in phase 3 clinical trials to demonstrate
WKHLUHI¿FDF\LQWUHDWLQJERWK'5DQG'0(DQGDUHDSSURYHGE\
the US Food and Drug Administration for use in DR and DME.
5HFHQWO\ERWKDÀLEHUFHSWDQGUDQLEL]XPDESDFNHGLQSUH¿OOHG
syringes have been approved for use in the United States.
Initially, these drugs were evaluated as treatments for DME. As
described subsequently, observations of improved DR in studies
of DME led to their approval to treat DR as well. The effect of

DR on quality of life has been studied. A progressive drop in
TXDOLW\RIOLIHLVVHHQZKHQ'5UHDFKHVDVHYHULW\RI
on DRSS, which corresponds to moderate NPDR.4 Thus,
anti-VEGF therapy has the potential to improve visual acuity
(VA) by treating DME and to improve quality of life by treating DR.
$ÀLEHUFHSWZDV¿UVWDSSURYHGIRUWKHPDQDJHPHQWRI'0(
following the successful VIVID and VISTA phase 2 clinical
trials.26 In these identically designed trials, patients with
center-involved (CI) DME were treated with 2 mg of intravitreal
DÀLEHUFHSWLQMHFWLRQV ,$,V HYHU\RUZHHNVDIWHUPRQWKO\
loading doses or macular laser. Rescue laser was permitted in
the IAI groups, and rescue IAI was permitted in the laser group.
After 3 years of treatment, the mean change in best-corrected
VA (BCVA) from baseline in VISTA was 10.4, 10.5, and
1.4 ETDRS letters, respectively (P < .0001). Results from VIVID
ZHUHFRPSDUDEOH%RWK,$,GRVLQJJURXSVKDGVLJQL¿FDQWO\
KLJKHUSURSRUWLRQVRIH\HVZLWKDVWHSLPSURYHPHQWLQ'566
grading compared with the laser group (P 7KHPRVW
common adverse event was cataract formation, which occurred
in 3.1% of the 291 eyes receiving IAI every 4 weeks, in 2.1% of
the 287 eyes receiving IAI every 8 weeks, and in 0.3% of the
287 eyes receiving laser.
$ÀLEHUFHSW¶VXWLOLW\LQWUHDWLQJ'5ZDV¿UVWVHHQLQWKH9,9,'DQG
9,67$VWXGLHVDQGUHFHQWO\FRQ¿UPHGLQWKH3$125$0$VWXG\5
7KH3$125$0$VWXG\ZDVWKH¿UVW²DQGRQO\WRGDWH²VWXG\
VSHFL¿FDOO\GHVLJQHGWRDVVHVVUHJUHVVLRQRI'5DVWKHSULPDU\
end point. Patients with moderately severe or severe NPDR
without DME were treated with IAI 2 mg every 8 (n = 134) or
16 (n = 135) weeks following 4 and 5 loading doses,
respectively, or sham injections (n = 133). The primary outcome
PHDVXUHZDVLPSURYHPHQWRI'566VWHSVat week 52 of this
ongoing, 100-week study; improvement was achieved by 79.9%,
65.2%, and 15.0% of eyes, respectively (P < .0001). Both IAI
GRVLQJJURXSVKDGVLJQL¿FDQWO\ORZHUUDWHVRIYLVLRQWKUHDWHQLQJ
complications (VTCs) (progression to PDR or anterior segment
neovascularization) or CI-DME than did the sham group. The
rate of VTC or CI-DME through 52 weeks of therapy was 40.6%
in the sham group, 9.6% (a 76.3% reduction) in the group
receiving IAI every 16 weeks, and 11.2% (a 72.4% reduction) in
the group receiving IAI every 8 weeks (P < .0003 for both IAI
groups vs sham). This magnitude of effect suggests that
3 patients need to be treated to prevent 1 case of VTC or
CI-DME. In contrast, the Ocular Hypertension Treatment Study
found that the number-needed-to-treat was 20 patients with
ocular hypertension to prevent the development of a single case
of early open-angle glaucoma.27 Systemic safety assessments
revealed no increase in cardiovascular or cerebrovascular
complications compared with sham injections.
5DQLEL]XPDE¶VHI¿FDF\LQWUHDWLQJERWK'0(DQG'5ZDV
established in the phase 3 RIDE/RISE trials.28 The primary
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end point of these studies was improvement in BCVA related
to DME; DR regression was explored secondarily. Three-year
RXWFRPHVLQWKHVHWULDOVDOVRGHPRQVWUDWHGVLJQL¿FDQWO\EHWWHU
VA gains in eyes with DME receiving ranibizumab than in
those receiving sham. In eyes with DR, the likelihood of a
VWHS'566LPSURYHPHQWZDVKLJKHUZLWKUDQLEL]XPDEWKDQ
with sham. A 5-year clinical trial—DRCR Retina Network‘s
Protocol S—comparing PRP with ranibizumab in eyes with
PDR demonstrated comparable BCVA but better peripheral
YLVXDO¿HOGSUHVHUYDWLRQDQGOHVVPDFXODUHGHPD DZHOO
known potential complication of PRP29) in the ranibizumabtreated eyes.30 A European clinical trial (PROTEUS) comparing
combination therapy with PRP and ranibizumab (n = 41)
with PRP alone (n = 46) demonstrated greater regression of
neovascularization in the combination group at month 12
(92.7% vs 70.5%, respectively).311RVLJQL¿FDQWGLIIHUHQFHLQ
mean VA was seen between the groups.
Although bevacizumab is not formulated for intraocular injection,
it is often used off-label for the same conditions for which
DÀLEHUFHSWDQGUDQLEL]XPDEKDYHEHHQVKRZQWREHEHQH¿FLDO
WUHDWPHQWV7KH'5&55HWLQD1HWZRUN¶V3URWRFRO7 demonstrated
EHYDFL]XPDE¶VHI¿FDF\LQWUHDWLQJ'0(&RPSDUHGZLWK
UDQLEL]XPDEDQGDÀLEHUFHSWEHYDFL]XPDESURGXFHGPRGHVWO\
smaller VA gains at 2 years (P IRUDÀLEHUFHSWYV
bevacizumab and P = .11 for ranibizumab vs bevacizumab).32
In the same study, eyes receiving bevacizumab had similar
UDWHVRIVWHS'566LPSURYHPHQWWRWKRVHRIH\HVUHFHLYLQJ
DÀLEHUFHSWRUUDQLEL]XPDEDW\HDUV33
A common clinical scenario is the patient with CI-DME, as
shown on optical coherence tomography (OCT), who has
preserved central VA. Should such a patient be treated or
REVHUYHG"7KH'5&55HWLQD1HWZRUN¶V3URWRFRO9JHQHUDWHG
data to guide management of this scenario.34 Patients with
CI-DME and a VA of 20/25 or better were randomly assigned to
UHFHLYHDÀLEHUFHSWODVHUZLWKDQWL9(*) therapy added if needed,
or observation with anti-VEGF therapy added if needed. After
2 years, there were similar outcomes with each management
strategy, suggesting each of the treatment approaches can be
HPSOR\HGGHSHQGLQJRQWKHLQGLYLGXDOSDWLHQW¶VFOLQLFDOVFHQDULR
It should be noted that patients in this trial were relatively well
adherent to their treatment and follow-up regimens, whereas in
the real world, the potential for loss to follow-up should not be
overlooked.
For refractory cases of DME, corticosteroid therapy can be
EHQH¿FLDO7RLPSURYHSKDUPDFRG\QDPLFVGHYLFHVSURYLGLQJ
sustained release of various steroids (dexamethasone,
ÀXRFLQRORQHDFHWRQLGH KDYHEHHQGHYHORSHGIRULQWUDRFXODU
implantation. These devices can reduce the frequency of
treatment often necessitated by nondevice-based steroids such
as triamcinolone. In eyes with severe PDR or DME recalcitrant
to all pharmacologic interventions, vitrectomy might be of value.
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Figure 4. Fundus photographs from the patient presented in Case 1.
(A) Standard color photograph of the posterior pole revealing moderate
QRQSUROLIHUDWLYHGLDEHWLFUHWLQRSDWK\DWSUHVHQWDWLRQ % 8OWUDZLGH¿HOG
imaging revealing moderately severe nonproliferative diabetic
UHWLQRSDWK\\HDUODWHU & 8OWUDZLGH¿HOGLPDJLQJUHYHDOLQJVHYHUH
proliferative diabetic retinopathy and diabetic macular edema after an
additional year lost to follow-up.

CASE 1: LONG-STANDING TYPE 1 DIABETES
From the Files of Jeffry Gerson, OD, FAAO
A 60-year-old female had a 52-year history of type 1 diabetes.
Her HbA1cZDVDSSUR[LPDWHO\DQGVKHUHSRUWHGGLI¿FXOW\
maintaining consistency of her blood glucose levels. Her VA
was 20/20 OU. Figure 4A shows her fundus examination
photographs at the time of presentation. On the basis of more
than just microaneurysms (dot-blot hemorrhages and hard
exudates are also present), but without venous beading or
IRMAs, she was diagnosed with moderate NPDR, observed
without treatment, and asked to follow up every 6 months.
When seen at the 12-month follow-up visit, her VA had remained
20/20 OU, she had progressed to moderately severe NPDR
(Figure 4B), and she was referred for vitreoretinal consultation,
which resulted in an FA and the decision to observe without
treatment on the basis that no CI-DME or PDR was present.
She was then lost to follow-up. When seen 12 months later, her
VA had dropped to hand motions only, her blood glucose control
had worsened, and she had progressed to PDR with DME
(Figure 4C). She was again referred to a vitreoretina surgeon
and was thereafter lost to follow-up.
7KLVFDVHLOOXVWUDWHVWKDWJXLGHOLQHVPLJKWEHEHQH¿FLDOZKHQ
applied to populations, but are not always ideally suited to
individuals. This patient with very poor blood glucose control
progressed from moderate to moderately severe DR within
1 year, and from there to PDR with DME within another year.
When she was diagnosed with moderate NPDR, she was

observed closely and reevaluated within 6 months. The AOA
guidelines support this approach, although the AAO and
ICO guidelines suggest referral to a retina specialist at this
stage.7,15,16 Given the appearance of her retina, the decision
not to refer at that time was reasonable. When she developed
moderately severe NPDR, she was promptly referred, which is
consistent with all 3 guidelines.
Whether or not to treat eyes with moderately severe NPDR
without DME is a matter of discretion and should be evaluated
on a case-by-case basis by the physician and patient. The
PANORAMA study included patients such as this one and
VKRZHGDEHQH¿WWRWUHDWPHQWZLWKDÀLEHUFHSWPJGRVHG
either every 8 or 16 weeks, but the results of the trial were not
available at the time this patient was seen. Close observation
is a reasonable plan so long as the patient is adherent with
follow-up. Unfortunately, in this case, she was lost to follow-up
during the critical period when she progressed to PDR.

A

Figure 6. Left optic disc of the patient presented in Case 2 after
panretinal photocoagulation (A) and after loss to follow-up for 1 year (B).
Superior neovascularization of the disc is noted, which developed during
the year following panretinal photocoagulation.

CASE 2: PROLIFERATIVE RETINOPATHY
A 68-year-old male with a 10-year history of diabetes presented
with a complaint of reduced vision in the right eye for several
months. His HbA1c was 10%. His BCVA was 20/25 OD and
20/20 OS. Figure 5 shows his fundus photographs. The right
eye had some hemorrhages and hard exudates, and careful
inspection of the optic nerve head revealed NVD. The left eye
showed only minimal microaneurysms.
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From the Files of Diana L. Shechtman, OD, FAAO
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Figure 7. Visual acuity outcomes in Diabetic Retinopathy Clinical
5HVHDUFK1HWZRUN¶V3URWRFRO6FRPSDULQJUDQLEL]XPDEZLWK353IRU
proliferative diabetic retinopathy30
Abbreviations: PRP, panretinal photocoagulation; VA, visual acuity.
* Note: Among 5-year completers, 71 eyes (58%) received at least
1 study ranibizumab injection for diabetic macular edema through
5 years
Figure adapted from the Diabetic Retinopathy Clinical Research
Network public Web Site.

B

Figure 5. Fundus photographs of the patient presented in Case 2:
$ ULJKWH\H ZLWKPDJQL¿HGYLHZRIWKHRSWLFQHUYHKHDGLQVHW DQG % 
left eye

Because he had PDR in the right eye, the patient underwent
PRP during a time in which anti-VEGF therapy was not readily
used for PDR. Three months later, his NVD had regressed
VLJQL¿FDQWO\EXW9$ZDVQRZDQG'0(ZDVSUHVHQW
which was possibly aggravated by the PRP. He was then lost to
follow-up for 1 year. During this time, he developed NVD in the
contralateral eye (Figure 6).
Ideally, this patient would have had anti-VEGF therapy and
regular follow-up. PRP is the best alternative to anti-VEGF

therapy and can provide comparable long-term VA outcomes,
DFFRUGLQJWRWKH\HDUGDWDDQDO\VLVRI'5&55HWLQD1HWZRUN¶V
Protocol S (Figure 7)EXWZLWKPRUHDGYHUVHHYHQWVVSHFL¿FDOO\
ORVVRISHULSKHUDOYLVXDO¿HOGDQGDKLJKHULQFLGHQFHRIPDFXODU
edema.30 Importantly, 58% of patients in the PRP arm of
Protocol S received at least 1 injection of ranibizumab for DME
through 5 years, which could have contributed to the mean VA
gains seen over time in that group. During the initial 2 years of
Protocol S, patients treated with anti-VEGF therapy had superior
VA gains, which might be relevant for patients who require good
vision for their activities of daily living. It is also worth noting
the considerable dropout rate in Protocol S. This speaks to
WKHGLI¿FXOW\SDWLHQWVZLWKGLDEHWHVIDFHLQDGKHULQJWRDVWULFW
treatment regimen. Unfortunately, this patient was also 1 of the
38% who develop vision-affecting macular edema after PRP.
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Both this case and Case 1 demonstrate the detrimental
A
B
effects that nonadherence with follow-up can produce.
Educating patients on the severity of their disease
DQGWKHLUULVNRIYLVLRQORVVLVWKH¿UVWVWHSWRHQVXULQJ
follow-up adherence. Imaging—either fundus
photography or OCT—can be a helpful way to show
patients exactly how their diabetes is affecting their
C
eyes. This can encourage adherence with both
systemic diabetes therapy and with follow-up for eye
care. For a patient with moderately severe or severe
NPDR in whom follow-up is strongly suspected to be
an issue—either due to employment constraints or
other reasons—both PRP and anti-VEGF therapy
Figure 8. Color fundus photography (A) and spectral domain optical coherence
might be considered. The PROTEUS trial demonstrated tomography images of the right macula of the patient presented in Case 3, showing
VLJQL¿FDQWFHQWHULQYROYHGGLDEHWLFPDFXODUHGHPD % WKDWUHVROYHGZLWKDQWL±YDVFXODU
that combination treatment produced high regression
endothelial growth factor therapy (C).
rates. Anti-VEGF injections might be started with the
expectation of follow-up. PRP in the case of nonadherence
are very safe, sight-threatening complications such as
with follow-up—perhaps a light treatment—coupled with
endophthalmitis are possible. In such a case, treatment can
be withheld until there is evidence of recurrence of DME or
the anti-VEGF drug would be effective while minimizing the
progression of underlying DR even if DME does not recur.
complications of PRP.
Alternatively, a treat-and-extend approach can be helpful, in
which the interval between injections can be steadily increased
CASE 3: CENTER-INVOLVED DIABETIC MACULAR EDEMA
to an interval of every 12 to 16 weeks to maintain stability and
From the Files of Charles C. Wykoff, MD, PhD
minimize the risk of DME recurrence and DR progression.
A 75-year-old female with a long history of type 2 diabetes
TAKE-HOME POINTS
presented with decreased vision in the right eye. Evaluation
UHYHDOHG9$RIDQG2&7UHYHDOHGVLJQL¿FDQW&,'0(LQ • Diabetic retinopathy is the leading cause of vision loss and
blindness among working-aged adults in the United States
the affected eye (Figures 8A and 8B). After a series of anti•
Diabetic retinopathy exists across a spectrum of severity, with
VEGF injections given over a 3-year period, her VA improved
nonproliferative
DR graded as mild, moderate, moderately
to 20/25 and her edema, as noted on OCT, appeared to have
severe, and severe; proliferative DR and DME also occur and
resolved (Figure 8C).
account for most VA loss
'0(FDQWDNHDORQJWLPHWRLPSURYHERWKLQWHUPVRIÀXLGVHHQ • 3DWLHQWVZLWKW\SHGLDEHWHVVKRXOGKDYHWKH¿UVWH\H
examination within 5 years of diagnosis and annual
and VA gains. It is not uncommon for eyes with DME to take up
examinations thereafter, whereas those with type 2 diabetes
to a year to maximize their full visual and anatomic potential.
should be examined at diagnosis and annually thereafter
Prompt and adequate treatment is important for optimizing
•
Although most DR lesions occur in the posterior pole, 30% of
long-term outcomes. Treatment delays can limit the amount
lesions
occur in the periphery and are associated with higher
of VA gained once treatment is initiated, as evidenced by the
UDWHVRISURJUHVVLRQWR3'5ZLGH¿HOGDQGXOWUDZLGH¿HOG
suboptimal VA improvement seen among patients initially
photography coupled with angiography can help identify
randomized to receive sham or laser treatment in the RIDE/
these high-risk eyes
RISE and VIVID/VISTA trials after they ultimately received
•
Both DR and DME contribute to reductions in VA and quality
26,28
access to anti-VEGF treatment.
of life
• Anti-VEGF therapy leads to resolution of DME and regression
Once the macular edema has resolved, the treatment plan
of DR, thus improving both VA and quality of life
LVOHVVZHOOGH¿QHG'0(PLJKWRUPLJKWQRWUHFXUZLWKRXW
•
'HOD\HGWUHDWPHQWRI'0(DQG'5OLPLWVWKHEHQH¿WVRI
WUHDWPHQW7KLVSDWLHQW¶VGLDEHWHVKDVQRWJRQHDZD\DQGXQOHVV
WKHUDS\SURPSWLGHQWL¿FDWLRQDQGUHIHUUDODUHFULWLFDOIRU
VKHKDVDFFRPSOLVKHGDVLJQL¿FDQWLPSURYHPHQWLQEORRG
therapeutic success
control, her DME might recur when therapy is stopped. It is
unclear how often anti-VEGF therapy should be repeated in
eyes that stabilize with good central VA. The injection rate
Complete the CE Post Test online at
should be minimized for many reasons, among them, time
costs, economic costs, and safety. Although these injections
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:HRIIHULQVWDQWFHUWL¿FDWHSURFHVVLQJDQGVXSSRUW*UHHQ&(3OHDVHWDNHWKLVSRVWWHVWDQGHYDOXDWLRQRQOLQHE\JRLQJWRKWWSWLQ\XUOFRPSUHVHUYHYLVLRQ
8SRQSDVVLQJ\RXZLOOUHFHLYH\RXUFHUWL¿FDWHLPPHGLDWHO\<RXPXVWVFRUHRUKLJKHUWRUHFHLYHFUHGLWIRUWKLVDFWLYLW\DQGPD\WDNHWKHtest up
to 2 times.
1. A 53-year-old male with diabetes is found to have
moderate NPDR with intraretinal hemorrhages
that are predominantly peripherally located on
 ZLGH¿HOGIXQGXVSKRWRJUDSK\&RPSDUHGZLWKD
patient whose lesions are evenly distributed
between the posterior pole and peripherally, what
is his approximate relative risk of developing PDR?
a. 5-fold lower
b. 5-fold higher
c. 10-fold lower
d. 10-fold higher
2. According to the latest AOA, AAO, and ICO
guidelines, for the image given below, how would
 \RXJUDGHWKLVSDWLHQW¶V'5"

7. A patient with only a few scattered
microaneurysms in the posterior pole has a
 BBBBBBBBBBBBBBBBBBBVWDJHRI'5
according to DRSS.
a. Mild
b. Moderate
c. Moderately severe
d. Severe
8. Which of the following distinguishes PDR
from NPDR?
a. Microaneurysms
b. Hard exudates
c. IRMAs
d. Neovascularization
9. What proportion of DR lesions occur in the
posterior pole?
a. 10%
b. 30%
c. 50%
d. 70%

a. Mild NPDR
b. Moderate NPDR
c. Severe NPDR
d. PDR
3. Should the patient in Question 2 be referred to a
retina specialist?
a. Yes
b. No
4. What is the appropriate follow-up interval for the
patient whose retinal fundus photograph is shown
below?

:KDWSHUFHQWDJHRIH\HVDUHUHFODVVL¿HGDV
having more severe DR when peripheral
lesions are considered?
a. 5%
b. 10%
c. 25%
d. 60%
11. What additional risk for 4-year progression
to PDR is associated with the presence of
predominantly peripheral DR lesions?
a. 2.1-fold
b. 3.2-fold
c. 4.6-fold
d. 5.8-fold
:KLFKSDWLHQWLVOHDVWOLNHO\WREHQH¿WIURP
referral to a retina specialist?
a. A patient with DME and BCVA of 20/30
b. A patient with moderate NPDR
c. A patient with a few scattered
microaneurysms
d. A patient with a vitreous hemorrhage

 DPRQWKV
b. 3 to 6 months
c. 6 to 12 months
d. 2 years
+RZPXFKRIWKHUHWLQDGRHVZLGH¿HOGLPDJLQJ 
capture?
a. Posterior pole only
b. Posterior 30% of the retina
c. 4 quadrants posterior to and including the
ampullae of the vortex veins
d. Far periphery in all 4 quadrants

13. Which patient should be reevaluated at the
shortest follow-up interval?
a. A patient with newly diagnosed type 2
diabetes with no retinopathy
b. A patient with hemorrhages in
4 quadrants, venous beading in
2 quadrants, and 3 scattered IRMAs
c. A patient with DME and BCVA of 20/20
d. A patient with a few scattered dot-blot
hemorrhages and hard exudates

14. The 4-2-1 rule refers to:
a. 4-month follow-up if 2 or more eyes have
1 DR lesion
 EPRQWKO\LQMHFWLRQVRIPJRIDÀLEHUFHSW
to achieve a 1-grade improvement in
+RZPXFKRIWKHUHWLQDGRHVXOWUDZLGH¿HOGLPDJLQJ
DRSS score
capture?
c. 4 quadrants of retina hemorrhages with
a. Posterior pole only
2 quadrants of venous beading and
b. Posterior 30% of the retina
IRMAs in 1 or more quadrants
c. 4 quadrants posterior to and including the
d. 4 microaneurysms in 2 quadrants with
ampullae of the vortex veins
1 IRMA
d. Far periphery in all 4 quadrants

15. WhaWLVWKHEHVW¿UVWOLQHDSSURDFKWR
preventing VA secondary to diabetes?
a. Anti-VEGF therapy
b. Laser
c. Vitrectomy
d. Prevention through effective control of
blood glucose levels
16. Which of the following is true regarding antiVEGF therapy for DR and DME?
 D$OODQWL9(*)DJHQWV DÀLEHUFHSW
ranibizumab, bevacizumab) are US
Food and Drug Administration approved
for the treatment of DR
 E$OODQWL9(*)DJHQWV DÀLEHUFHSW
ranibizumab, bevacizumab) are US
Food and Drug Administration approved
for the treatment of DME
c. Bevacizumab produces VA gains that
  DUHVXSHULRUWRWKRVHRIHLWKHUDÀLEHUFHSW
or ranibizumab in eyes with DME
d. Eyes that are refractory to anti-VEGF
therapy might respond to corticosteroid
therapy
17.




In the PANORAMA study, 15% of eyes
UHFHLYLQJVKDPDQGBBBBBRIH\HVUHFHLYLQJ
DÀLEHUFHSWPJHYHU\ZHHNVPDQLIHVWHG
DVWHSLPSURYHPHQWLQ'5RYHUZHHNV
a. 35%
b. 48%
c. 66%
d. 80%

18. In the PANORAMA study, treatment of
 BBBBBBBBBBBBBBBBZLWKDÀLEHUFHSWUHVXOWHG
in a 70% to 75% reduction in the risk of
VTCs, including PDR and CI-DME, compared
with sham treatment.
a. Mild or moderate NPDR without DME
b. Moderately severe or severe NPDR
without DME
c. PDR
 G13'5ZLWKQRQ±&,'0(
$FFRUGLQJWR'5&55HWLQD1HWZRUN¶V
Protocol V study, which of the following is
true regarding CI-DME in eyes with VA of
20/25 or better?
a. Immediate laser is best for preventing
vision loss
b. Immediate anti-VEGF therapy is best for
preventing vision loss
c. Combination therapy with anti-VEGF
drugs and laser is best for preventing
vision loss
d. Close observation is reasonable, with
treatment initiated if VA worsens
7KH'5&55HWLQD1HWZRUN¶V3URWRFRO6
compared anti-VEGF therapy with PRP
 LQH\HVZLWK3'5:KDWZHUHWKHVWXG\¶V
 NH\¿QGLQJV"
a. Comparable VA and safety between groups
b. Worse VA outcomes and more adverse
events with PRP vs anti-VEGF therapy
c. Comparable VA outcomes and more
  YLVXDO¿HOGORVVZLWK353
d. Comparable VA outcomes and more
macular edema with anti-VEGF therapy

