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Diabetes mellitus (DM) is a global epidemic and affects populations in both developing and developed
countries, with differing health care and resource levels. Diabetic retinopathy (DR) is a major complication of DM
and a leading cause of vision loss in working middle-aged adults. Vision loss from DR can be prevented with
broad-level public health strategies, but these need to be tailored to a country’s and population’s resource
setting. Designing DR screening programs, with appropriate and timely referral to facilities with trained eye care
professionals, and using cost-effective treatment for vision-threatening levels of DR can prevent vision loss. The
International Council of Ophthalmology Guidelines for Diabetic Eye Care 2017 summarize and offer a compre-
hensive guide for DR screening, referral and follow-up schedules for DR, and appropriate management of vision-
threatening DR, including diabetic macular edema (DME) and proliferative DR, for countries with high- and low- or
intermediate-resource settings. The guidelines include updated evidence on screening and referral criteria, the
minimum requirements for a screening vision and retinal examination, follow-up care, and management of DR and
DME, including laser photocoagulation and appropriate use of intravitreal antievascular endothelial growth factor
inhibitors and, in specific situations, intravitreal corticosteroids. Recommendations for management of DR in
patients during pregnancy and with concomitant cataract also are included. The guidelines offer suggestions for
monitoring outcomes and indicators of success at a population level. Ophthalmology 2018;125:1608-
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Diabetic mellitus (DM) is a global epidemic with significant
morbidity and mortality, affecting not only populations in
highly developed countries such as the United States, the
United Kingdom, and those of Western Europe, but
increasingly also developing countries, including China,
India, South America, and Africa.1e6 By 2040, of the 600
million people worldwide with DM, 400 to 500 million will
live in low- and middle-income countries.7 Thus, the impact
of DM poses a substantial challenge to the health care
systems in many developing countries.8e10

Diabetic retinopathy (DR) is a common and specific
microvascular complication that develops over time.11 Severe
stages of DR, including proliferative dR (PDR) and diabetic
macular edema (DME),11 result in visual impairment and
blindness without treatment. Epidemiologic studies have
shown that approximately 1 in 3 persons with DM has DR,
and 1 in 10 has PDR or DME.12e15 Based on these rates, be-
tween100millionand120million people haveDRandpossibly
20 million to 30 million have PDR or DME. However, of
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concern is that population surveys consistently show that half of
persons with DM remain undiagnosed16e18 and that many are
unaware of their risk of DR and other complications.19

There are highly effective and cost-effective treatments
for PDR and DME, demonstrated over 3 decades with
landmark randomized clinical trials that show up to 98% of
the blindness could be prevented by timely treatment with
laser photocoagulation therapy and vitrectomy surgery,20

and, in the past decade, intraocular injections of
antievascular endothelial growth factor (VEGF) inhibitors
for DME.11,21 There is also evidence that intravitreal
injections of corticosteroids may be useful for DME man-
agement, particularly in eyes with previous cataract
surgery.11,22 These treatments, coupled with the concept of
earlier detection and systemic management of DM, such as
intensive glucose and blood pressure control, have led to
observations of declining rates of vision loss resulting from
DR in the United States, Western Europe, and many coun-
tries over time.23,24
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From a public health perspective, vision loss resulting from
DR can be prevented with a broad-based systems-level
approach: first, by increasing public knowledge with targeted
health care education; second, by well-implemented com-
munity-level or national screening programs for all persons
with DM; third, with timely referral for more severe levels of
DR; and finally, with appropriate treatment for advanced DR
such as PDR and DME.25e27 Although such broad public
health programs based on best evidence have been, or could
be, implemented in high-income countries with the necessary
health care structure and resources in terms of funding, trained
health care manpower, appropriate medications, and diag-
nostic and surgical facilities (i.e., in high-resource
settings),28e30 they remain a substantial challenge for coun-
tries with low or intermediate resources.24 In these latter
countries and communities, the shortage of trained eye care
professionals, including ophthalmologists or optometrists,
the lack of equipment (e.g., fundus cameras, lasers) and
drugs, and poorly structured health care policies limit what
can be achieved based on current evidence.31,32 For
example, intraocular anti-VEGF agents now are used widely
for DME in countries with high-resource settings, but in low-
or intermediate-resource settings, the access, availability, and
administration of anti-VEGF agents are erratic and may be
financially unsustainable, although they have been included in
the World Health Organization List of Essential Medicines.33

Importantly, in many countries, the standard care pathway
for DR is not always clear. Most available evidence-based
guidelines for DR management are based on very country-
specific requirements, and typically only those in a high-
resources setting.34e36 Some are specific to one aspect of DR
care, such as management of DME.37e39 Few comprehensive
guidelines are available in low- or intermediate-resource
countries.40,41 A recent survey of 50 Asian countries showed
that only 11have some formof guidelines, ofwhich 9 pertain to
general DM care and only 2 are specific to DR.42 Thus, a
recurring problem that health care providers and policy
makers face is the lack of clear understanding and guidance
within a resource-specific context to design policies, to struc-
ture programs, and tomonitor for success in implementation. In
contrast, there are resource-specific guidelines onmanagement
of other major diseases, such as cancer and cardiovascular
diseases.43e45

To address this critical gap from a global perspective, in
2013, the International Council of Ophthalmology (ICO)46

initiated and developed guidelines based on best evidence
from clinical data, incorporating practical real-world clinical
experience from different countries and stakeholders. The aim
of the 2013 ICO Guidelines for Diabetic Eye Care was to
propose a feasible, sustainable, cost-effective set of recom-
mendations for management of DR47 with considerations for
resource-based setting(s). The ICO consulted widely with
ophthalmologists, physicians, and public health professionals
with diverse experience and expertise from different nation-
alities and regions to design the 2013 guidelines, which were
disseminated first in 2014. The 2013 guidelines have been
translated into 7 languages.

These were updated in 2017 as the ICO Guidelines for
Diabetic Eye Care.46 This report summarizes the 2017 guideline
recommendations formanagement forDR in both high-resource
and low- or intermediate-resource settings, with a specific
focus on screening, referral, follow-up, and timely treatment.
Specific and detailed management of DR, including PDR and
DME, is covered in other reviews11,21,39,48,49 and on the ICO
website50 and is not addressed here.

Methods

In 2013, the ICO appointed the Diabetic Eye Care Task Force of 12
ophthalmologists from 11 different countries (see Appendix for list
of members), who met over the course of 18 months for an in-depth
review of the literature and the writing of the guidelines. The ICO
invited national bodies (e.g., the American Academy of Ophthal-
mology) and international agencies (e.g., the International Diabetes
Federation) to nominate members to be on the task force, with a
view to having broad representations from different geographic
regions and countries with varying resource levels, as well as a
diverse mix of expertise ranging from retinal specialists to public
health researchers. These guidelines were published in 2014.

For the 2017 guidelines, a new task force was established (see
Appendix for list of members) to review the 2014 guidelines and make
recommendation for new evidence since the last guidelines were pub-
lished. Specific sections on epidemiology of DR, classification of DR
andDME, screening guidelines, referral guidelines, detailed ophthalmic
assessment of DR, treatment of DR, treatment of DME, indications for
vitrectomy, list of suggested indicators for evaluation of DR programs,
and equipmentwere assigned to the specificmembers of the committee.
A new section on management of DR in special circumstances that
describes themanagement of DR andDME in patients with cataracts or
who are pregnant also was incorporated in the 2017 edition.

The members communicated via e-mail and teleconferences
and met at major scientific conferences; first at Asia-Pacific
Academy of Ophthalmology (APA02016), followed by Associa-
tion for Research in Vision and Ophthalmology (ARV02016).
Experts from the World Health Organization33 and the
International Agency for the Prevention of Blindness and other
national and international committees were invited to meetings to
discuss recommendations. Revised drafts were reviewed for
comments and the committee reached a unanimous concurrence
before finalizing the guidelines for official launch at the
International Agency for the Prevention of Blindness General
Assembly Meeting in Durban, South Africa, in November 2016.

High- versus Low- or Intermediate-Resource
Settings

Recommendations were made for DR and DME in terms of
screening, referral, follow-up schedules, and types of treatment for
high-resource and low- or intermediate-resource settings, broadly
classified on country income level as defined by the World Bank
and World Health Organization51 as follows: (1) high-resource
settings, advanced or state-of-the-art screening and management
of DR based on current evidence and clinical trials; (2) low- or
intermediate-resource settings, essential or core to midlevel service
for screening and managing DR with consideration for availability
and access to care in different settings.

Summary of the International Council of
Ophthalmology Guidelines

Overview of Diabetic Retinopathy

Diabetic retinopathy is the most common specific microvas-
cular complication of DM.11 Diabetic retinopathy develops
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over time in a person with DM, progressing from milder
stages of nonproliferative DR (NPDR) to more advanced
vision-threatening levels of DR that include PDR and
DME. The pathogenesis of DR involves interrelated path-
ways related to hyperglycemia, including genetic and epige-
netic factors, free radicals and advanced glycosylation end
products, inflammatory factors, and VEGF.

Epidemiologic Features of Diabetic Retinopathy. In
many countries, DR is the most frequent cause of prevent-
able blindness in working-age adults. A meta-analysis
reported that 1 in 3 such persons (34.6%) had DR in the
United States, Australia, Europe, and Asia and 1 in 10 such
persons (10.2%) had vision-threatening DR (i.e., PDR,
DME, or both); thus, based on the 2010 world DM popu-
lation, more than 92 million adults have DR, 17 million
have PDR, and 20 million have DME.14 The Global Burden
of Disease Study showed in that in 2010, there were 0.8
million blind persons and 3.7 million persons who had
visual impairment because of DR.6

Diabetic retinopathy develops with longer duration of
DM and is associated with poor control of blood sugar,
blood pressure, and blood lipids.11,22 Tight glycemic control
has been shown in major trials to reduce the incidence and
progression of DR.26,27 To a lesser extent, tight blood
pressure control, particularly in diabetic persons with
hypertension, also has been shown to reduce DR risk and
progression and, importantly, cardiovascular complica-
tions.11,21 However, good glycemic and blood pressure
controls by themselves may not necessarily reduce the
lifetime risk of DR developing to negligible levels, so per-
sons with DM remain at risk of DR over time.

The overall prevalence of DR in a community is influ-
enced by the number of people with DM.52 In high-resource
settings with good health care systems, more people with
early DM will have been diagnosed through screening. The
prevalence of DR in people with newly diagnosed DM will
be low, resulting in a lower overall prevalence of DR. In
low- or intermediate-resource settings with less advanced
health care systems, fewer people with early DM will have
been diagnosed. Because the early stage of DR is asymp-
tomatic, many people may be diagnosed with DM only
when symptoms or complications have occurred. Thus, the
prevalence of DR among people with newly diagnosed DM
will be high, resulting in a somewhat higher overall preva-
lence of DR.

Definition and Classification of Diabetic Reti-
nopathy. The classic retinal lesions of DR are well
described and include microaneurysms, intraretinal hemor-
rhages, venous beading (venous caliber changes consisting
of alternating areas of venous dilation and constriction),
intraretinal microvascular abnormalities, hard exudates
(lipid deposits), and retinal neovascularization (Figs 1 and
2). These findings can be used to classify eyes as having
the following overlapping spectrum of DR.

Nonproliferative Diabetic Retinopathy. Eyes with
NPDR have not yet developed neovascularization, but may
have any of the other classic DR lesions. Eyes progress from
having no DR through a spectrum of DR severity that
includes mild, moderate, and severe NPDR and subse-
quently vision-threatening levels of PDR and DME. The
1610
stages of DR can be categorized using the simple Interna-
tional Classification of DR scale53 (Table 1). Correct
identification of the DR severity level of an eye allows a
prediction of risk of DR progression and visual loss, and
thus determination of appropriate referral, follow-up
intervals, and treatment recommendations.

Proliferative Diabetic Retinopathy. Proliferative DR
is the most advanced stage of DR and represents an
angiogenic response of the retina to extensive ischemia from
capillary closure. Retinal neovascularization typically is
characterized as being new vessels on the disc or new
vessels “elsewhere,” typically along the vascular arcades.
New vessels often occur at the interface between perfused
and nonperfused areas of retina.

Diabetic Macular Edema. Diabetic macular edema
is an additional important vision-threatening manifestation
of DR that is assessed separately from the stages of DR
because DME can be seen in eyes at any DR severity level
and can run an independent course. Conventionally, based
on the International Classification, DME has been defined
and classified based on a clinical examination or retinal
photography results according to its proximity to fovea. In
the current guidelines,46 the definition and classification of
DME are updated with information from OCT, if available
(Table 1): (1) no DME, absence of retinal thickening or
hard exudates in the macula region; (2) nonecenter-
involving DME, retinal thickening in the macula that does
not involve a central subfield zone that is 1 mm in
diameter; and (3) center-involving DME, retinal thick-
ening in the macula that involves a central subfield zone that
is 1 mm in diameter. The determination of DME severity
based on these 3 categories also will determine the need for
treatment and follow-up recommendations. It is important to
note that advanced stages of DR and DME may be present
even in patients who are not experiencing visual symptoms.

Screening, Referral, and Follow-up

Screening. Screening for DR is an important cost-effective
aspect of DM management.29,30 However, even if an
adequate number of ophthalmologists are available, using
ophthalmologists to screen every person with DM usually is
not feasible and is likely to be an inefficient use of
resources.54e57 A screening examination theoretically could
include a complete ophthalmic examination with best-
corrected visual acuity after refraction, pupil dilation, and
latest retinal imaging, such as with wide-field retinal
photography and OCT.55,56 However, such screening exam-
inations are not performed routinely even in high-resource
settings. The current guidelines suggest the minimum
screening examination components to ensure appropriate
referral should include a screening vision examination
(before pupil dilation if this is necessary) and a retinal
examination adequate for DR classification. This can vary
depending on high-resources settings or low- or intermediate-
resources settings.

The screening vision examination should be completed by
appropriately trained personnel, including general practitioners,
nurses, and health careworkers in community settings, in anyof
the following ways, depending on resource availability: (1)



Figure 1. Fundus photographs and fluorescein angiogram showing features of mild and moderate to severe stages of nonproliferative diabetic retinopathy. A,
Fundus photograph showing mild nonproliferative diabetic retinopathy with microaneurysms. B, Fundus photograph showing moderate nonproliferative
diabetic retinopathy with hemorrhages, hard exudates, and microaneurysms. C, Fundus photograph showing moderate nonproliferative diabetic retinopathy
with mild diabetic macular edema. D, Fundus photograph showing moderate macular edema. E, Fluorescein angiogram showing moderate nonproliferative
diabetic retinopathy with nonecenter-involving diabetic macular edema. F, Fundus photograph showing severe nonproliferative diabetic retinopathy with
center-involving diabetic macular edema.
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refracted visual acuity examination using 3- or 4-m visual
acuity lane and a high-contrast visual acuity chart; (2) pre-
senting visual acuity examination using a near or distance eye
chart and pin-hole option if visual acuity is reduced; and (3)
presenting visual acuity examination using a 6/12 (20/40)
equivalent handheld chart consisting of at least 5 standard letters
or symbols and a pin-hole option if visual acuity is reduced.

The retinal examination may be accomplished in the
following ways: (1) direct or indirect ophthalmoscopy or
slit-lamp biomicroscopic examination of the retina; (2)
retinal (fundus) photography, including any of the
following: 30� to wide field, monophotography or stereo-
photography, and dilated or undilated photography. This
could be done with or without accompanying OCT. Low-
cost cameras are now widely available. The retinal exami-
nation also could include telemedicine approaches. For the
retinal examination, a medical degree may not be necessary,
but the examiner must be well trained to perform
ophthalmoscopy or retinal photography and be able to
assess the severity of DR in retinal images.

So for high-resource settings, screening could take the
form of a visual acuity test with refraction and retinal
photography, whereas in low-/intermediate-resource set-
tings, screening should be a visual acuity test using pin-hole
and a clinical retinal examination with pupil dilation.
Figure 3 shows an example of the screening process for DR.

A screening program for DR must be coupled with access
to adequate and timely referral for ophthalmologic care.55,56

The guidelines suggest that without appropriate and timely
access to ophthalmologic care, screening patients with
positive results will have no benefit from the DR screening
program. Thus, DR screening programs should be started
only after ensuring appropriate access to facilities with ac-
cess to minimum treatment, including the availability of a
laser machine and typically within 3 months of screening.
Minimum referral guidelines are as follows: (1) visual acuity
1611



Figure 2. Fundus photographs and fluorescein angiogram showing features of severe stages of proliferative diabetic retinopathy and diabetic macular edema.
A, Fundus photograph showing proliferative diabetic retinopathy with venous beading, new vessels elsewhere, and severe diabetic macular edema. B, Fundus
photograph showing high-risk proliferative diabetic retinopathy with new vessels at the disc. C, Fundus photograph showing high-risk proliferative diabetic
retinopathy with preretinal hemorrhage and new vessels on the disc. D, Fundus photograph showing high-risk proliferative diabetic retinopathy with new
panretinal photocoagulation (PRP) scars. E, Fundus photograph showing proliferative diabetic retinopathy. New vessels appear on the disc and elsewhere. F,
Fluorescein angiogram showing proliferative diabetic retinopathy. New vessels appear on the disc and elsewhere.
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worse than 6/12 (20/40) or symptomatic vision reports; (2) if
DR can be classified according to the simplified Interna-
tional Classification of DR (Table 1), they should be
referred based on recommendations for management
(Tables 2 and 3).

If screening visual acuity or retinal examination cannot
be obtained, referral should be made. The guidelines suggest
that patients with less than adequate retinal assessment
should be referred unless it is obvious that there is no DR, or
at most, only mild NPDR (microaneurysms only). Addi-
tionally, persons with unexplained visual acuity loss should
be referred.

The suggested requirement, screening schedules, and
referral to an ophthalmologist are similar for stages of no
apparent DR, mild NPDR, and no DME; severe NPR; and
PDR severity levels of DR between high-resource settings
(Table 2) and low- or intermediate-resource settings (Table 3).
1612
However, the guidelines suggest that screening schedules for
mild NPDR and moderate NPDR can be less frequent (1e2
years and 6e12 months, respectively) for low- or
intermediate-resource settings (Table 3).

In countries with low- or intermediate-resource settings,
ophthalmologists could encounter resource problems such
as equipment scarcity and shortage in laser equipment
available for treatment of DME. The committee took this
into consideration and proposed that referral for patients
seeking treatment with nonecenter-involved DME and
normal vision is not required in countries with low or
intermediate resource availability. However, a referral to an
ophthalmologist should be viewed as a preferred option for
the patient should there be adequate access to laser equip-
ment in these settings (Table 3).

Referral Examination by Ophthalmologist. For patients
referred, a medical history and clinical examination would



Table 1. International Classification of Diabetic Retinopathy and Diabetic Macular Edema

Disease Findings Observable on Dilated Ophthalmoscopy*

Diabetic retinopathy
No apparent DR No abnormalities
Mild nonproliferative DR Microaneurysms only
Moderate nonproliferative DR Microaneurysms and other signs (e.g., dot and blot hemorrhages, hard exudates, cotton wool spots), but less than

severe nonproliferative DR
Severe nonproliferative DR Moderate nonproliferative DR with any of the following: intraretinal hemorrhages (�20 in each quadrant);

definite venous beading (in 2 quadrants); intraretinal microvascular abnormalities (in 1 quadrant); and no
signs of proliferative retinopathy

Proliferative DR Severe nonproliferative DR and 1 or more of the following: neovascularization, vitreous/preretinal hemorrhage
Diabetic macular edema
No DME No retinal thickening or hard exudatesy in the macula
Nonecenter-involving DME Retinal thickening in the macula that does not involve the central subfield zone that is 1 mm in diameter
Center-involving DME Retinal thickening in the macula that does involve the central subfield zone that is 1 mm in diameter

DME ¼ diabetic macular edema; DR ¼ diabetic retinopathy.
*Clinical findings as reported and observed from dilated ophthalmoscopy performed for DR and dilated binocular, stereoscopic ophthalmoscopy for DME.75
yHard exudates are a sign of current or previous macular edema. Diabetic macular edema is defined as retinal thickening, and this requires a 3-dimensional
assessment that is best performed by a dilated examination using slit-lamp biomicroscopy, stereo fundus photography, or both.
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include assessment of visual symptoms, visual acuity,
measurement of intraocular pressure, gonioscopy when
indicated, slit-lamp biomicroscopy, and fundus examina-
tion. In the medical history and examination, assessment of
visual symptoms, glycemic status (hemoglobin A1c), and
systemic and medical status (e.g., pregnancy, blood pres-
sure, serum lipid levels, renal status) should be performed.

OCT is now regarded as the most sensitive method in the
detection and assessment of DME.11 The retinal map scan is
useful in locating the area with retinal thickening; single line
scans are useful in detailing the specific DME morphologic
changes such as intraretinal cysts, subretinal fluid or
detachment, and vitreoretinal traction. However, because
of the high costs of the imaging equipment as well as
requirement of skilled training of ophthalmologists,
assessment of DME by OCT is currently considered
feasible only for countries with high resources.

Fundus photography is a useful way of recording the dis-
ease activity and it is also useful in determining detailed
severity of the disease. This provides a feasible method of
examination for countries with low or intermediate resources.

Fluorescein angiography is not required to diagnose DR,
PDR, or DME, all of which are diagnosed bymeans of fundus
examination. However, it should be noted that fluorescein
angiography can be used as a guide to evaluate retinal non-
perfusion area, presence of retinal neovascularization, and
microaneurysms or macular capillary nonperfusion in DME.
Also, in some cases, fluorescein angiographymay be useful to
differentiate intraretinal microvascular abnormalities from
new blood vessels seen in PDR.

Follow-up. In general, the follow-up history should be
similar to the initial examination. The assessment of new visual
symptoms and visual acuity, measurement of intraocular pres-
sure, and fundus examination are essential. Like screening
schedules, the follow-up schedules generally are the same
except for mild NPDR and moderate NPDR, where patients in
countries with low- or intermediate-resource settings are
advised to have their follow-up visits in 1 to 2 years, or 6 to 12
months’ time, respectively (Table 4). Countries with high
resources can consider early panretinal laser photocoagulation
(PRP) as a method of management for DR in the severe
NPDR and PDR stages (Table 5). In contrast, PRP has been
proposed for management of PDR for countries with low or
intermediate resources only if DR progresses to PDR
(Table 4). For the management of nonecenter-involved
DME, the guidelines propose that countries with high-
resource settings should consider focal or grid laser photoco-
agulation (Table 5), whereas this recommendation is deemed to
be impractical for countries where resources are lacking.

Patient Education. Patient education imparted from the
physician or other health care providers to the patient plays a
pivotal role in a successful attempt to prevent blindness. It is
important that the health care provider, physician, or
ophthalmologist discuss the test or examination results and
their implications. For example, patients withDMbutwithout
DR should be strongly encouraged to undergo screening DR
examinations. Patients should be duly informed of the
importance of timely intervention, despite good vision and no
ocular symptoms, for effective treatment of DR. Health care
providers, physicians, and ophthalmologist also should
educate their patients on the need to maintain near-normal
glucose levels and near-normal blood pressure as well as
the need to exercise good serum lipid level control. To ensure
effective patient education, there should be effective
communication between the ophthalmologist and the general
physician (e.g., family physician, internist, or endocrinolo-
gist) regarding ocular findings. Finally, for patients whose
conditions fail to respond to treatment and surgery or for
whom treatment is unavailable, where appropriate, referrals
for counseling, rehabilitative, or social services could be
considered. Vision rehabilitation and social services also can
be referred for patients with reduced visual function.

Management

Management for Diabetic Retinopathy and Proliferative
Diabetic Retinopathy. There have been many reviews on
specific management of DR.11,21 In principle, systemic
1613



Figure 3. Flowchart showing screening for diabetic retinopathy. DME ¼ diabetic macular edema; NPDR ¼ nonproliferative diabetic retinopathy; PDR ¼
proliferative diabetic retinopathy; VA ¼ visual acuity. *Need to optimize medical treatment; glycemic control, hypertension, and lipids.
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medical control is critical for all patients with DM with and
without DR. Recommendations include maintenance of
glycemic control to hemoglobin A1c less than 7.0%, treat-
ment of systemic hypertension, and dyslipidemia.36

Laser PRP is considered the mainstay of treatment for
PDR58,59 and also can be considered for certain high-risk
patients with severe NPDR.11 This includes factors such
as poor compliance with follow-up, impending cataract
extraction or pregnancy, and status of the fellow eye (e.g.,
blind or advanced DR in the fellow eye).

There is increasing evidence from clinical trials demon-
strating anti-VEGF injections as a safe and effective
Table 2. Screening and Referral Recommendations Based on Internati
Edema for High-Re

Classification Re-exami

DR
No apparent DR, mild nonproliferative DR, and no DME Re-exami
Mild nonproliferative DR 6e12 mo
Moderate nonproliferative DR 3e6 mos
Severe nonproliferative DR <3 mos
Proliferative DR <1 mo

DME
Nonecenter-involving DME 3 mos
Center-involving DME 1 mo

DME ¼ diabetic macular edema; DR ¼ diabetic retinopathy.
*In cases where diabetes is controlled.
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treatment of PDR through at least 2 years.60 This has been
demonstrated for ranibizumab and aflibercept,61 but other
intravitreal anti-VEGF agents such as bevacizumab also
are effective against retinal neovascularization.

For low- or intermediate-resource settings, recommen-
dations for management generally are similar to those in
high-resource settings. Where resources permit, PRP should
be considered the preferred choice of treatment of severe
NPDR and all stages of PDR. The contemporary PRP
approach uses short-pulse 20- to 30-ms laser with 2000 to
4000 treatment burns depending on the PDR grade/
severity.62
onal Classification of Diabetic Retinopathy* and Diabetic Macular
source Settings

nation or Next Screening Schedule Referral to Ophthalmologist

nation in 1e2 yrs Referral not required
s Referral not required

Referral required
Referral required
Referral required

Referral required
Referral required



Table 3. Screening and Referral Recommendations Based on International Classification of Diabetic Retinopathy* and Diabetic Macular
Edema for Low- or Intermediate-Resource Settings

Classification
Re-examination or

Next Screening Schedule Referral to Ophthalmologist

DR
No apparent DR, mild nonproliferative

DR, and no DME
Re-examination in 1e2 yrs Referral not required

Mild nonproliferative DR 1e2 yrs Referral not required
Moderate nonproliferative DR 6e12 mos Referral required
Severe nonproliferative DR <3 mos Referral required
Proliferative DR <1 mo Referral required

DME
Nonecenter-involving DME 3 mos Referral not required (referral recommended

if laser sources available)
Center-involving DME 1 mo Referral required

DME ¼ diabetic macular edema; DR ¼ diabetic retinopathy.
*In cases where diabetes is controlled.
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Treatment of Diabetic Macular Edema. Focal or grid
laser photocoagulation has been determined to be an effective
treatment for clinically significant macular edema, a term
defined by the Early Treatment Diabetic Retinopathy Study
group based on clinical fundus examination.63,64 In general,
the modified Early Treatment Diabetic Retinopathy Study
focal or grid laser photocoagulation protocol has been pro-
posed as a preferred protocol for laser treatment of clinically
significant macular edema.65 Although clinically significant
macular edema continues to be used widely, the guidelines
recommend DME be classified into center-involving and
nonecenter-involving DME according to clinical findings
and OCT results where available. Patients with nonecenter-
involving DME may be observed until there is progression to
central involvement, or focal laser can be performed to treat
leaking microaneurysms if DME is threatening the fovea
(Fig 4), according to the modified Early Treatment Diabetic
Retinopathy Study focal or grid laser photocoagulation
protocol. No treatment should be applied to lesions closer
than 300 to 500 mm to the center of the macula.

Treatment of Center-involving Diabetic Macular
Edema with AntieVascular Endothelial Growth Factor
Agents and Steroids. In recent years, intravitreal adminis-
tration of anti-VEGF agents has been demonstrated to be the
Table 4. Follow-up Schedule and Management Based on D

Disease

DR severity
No apparent DR Re-examinatio
Mild nonproliferative DR 6e12 mos; th
Moderate nonproliferative DR 3e6 mos
Severe nonproliferative DR <3 mos; cons
PDR <1 mo; consi
Stable (treated) PDR 6e12 mos

DME severity
Nonecenter-involving DME 3e6 mos; con
Center-involving DME 1e3 mos; con
Stable DME 3e6 mos

DME ¼ diabetic macular edema; DR ¼ diabetic retinopathy; PDR ¼ prolifera
standard of care with favorable outcomes in preventing
vision loss in patients with DME, and this should be
considered by countries with high resources.

Where the patient seeks treatment with center-involving
DME and good visual acuity (better than 6/9 or 20/30), 3
treatment options are possible and are currently being evalu-
ated in an ongoing clinical trial: (1) careful follow-up with anti-
VEGF treatment only for worsening DME; (2) intravitreal
anti-VEGF injections; or (3) focal or grid laser photocoagu-
lation with anti-VEGF, if necessary. Where the patient dem-
onstrates center-involving DME and associated vision loss (6/9
or 20/30 or worse), intravitreal anti-VEGF treatment with
ranibizumab (Lucentis; Novartis, Switzerland) 0.3 or 0.5 mg,
bevacizumab (Avastin; Roche, Switzerland) 1.25 mg, or afli-
bercept (Eylea; Bayer, Germany) 2 mg therapy can be
considered. Treatment with aflibercept may provide the best
visual outcomes over 1 year, especially in eyes with baseline
visual acuity of 6/15 (20/50) or worse. However, by 2 years of
therapy, ranibizumab-treated eyes achieve similar visual results
as those given aflibercept do. Treatment with bevacizumab
provides similar visual outcomes to the other 2 agents in eyes
with only mild visual impairment at baseline (20/32e20/40),
but is not as effective at reducing retinal thickening as afli-
bercept or ranibizumab therapy.
iabetic Retinopathy Severity for High-Resource Settings

Follow-up Schedule for Management by Ophthalmologists

n in 1e2 yrs; this may not require re-examination by an ophthalmologist
is may not require re-examination by an ophthalmologist

ider early panretinal photocoagulation
der panretinal photocoagulation

sider focal laser photocoagulation
sider focal laser photocoagulation or anti-VEGF therapy

tive diabetic retinopathy; VEGF ¼ vascular endothelial growth factor.
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Table 5. Follow-up Schedule and Management Based on Diabetic Retinopathy Severity for Low- to Intermediate-Resource Settings

Disease Follow-up Schedule for Management by Ophthalmologists

DR severity
No apparent DR Re-examination in 1e2 yrs; this may not require re-examination by an ophthalmologist
Mild nonproliferative DR 1e2 yrs; this may not require re-examination by an ophthalmologist
Moderate nonproliferative DR 6e12 mos
Severe nonproliferative DR <3 mos
PDR <1 mo; consider panretinal photocoagulation
Stable (treated) PDR 6e12 mos

DME severity
Nonecenter-involving DME 3e6 mos
Center-involving DME 1e3 months; consider focal laser photocoagulation or anti-VEGF therapy
Stable DME 3e6 mos

DME ¼ diabetic macular edema; DR ¼ diabetic retinopathy; PDR ¼ proliferative diabetic retinopathy; VEGF ¼ vascular endothelial growth factor.
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Although there are different treatment regimens, the
guidelines recommend a regimen that includes an initiation
of monthly loading-dose injections followed by treatment
interruption and reinitiation based on visual stability and
OCT findings (Fig 5). Patients should be monitored almost
monthly with OCT to consider the need for treatment.
Typically, the number of injections is 6 to 8 in the first
year, 2 or 3 during the second year, 1 to 2 during the
third year, and 0 to 1 in the fourth and fifth years of
treatment.

For eyes with persistent retinal thickening despite anti-
VEGF therapy, consider laser treatment after 24 weeks.
Treatment with intravitreal triamcinolone also may be
considered (2 mg/0.05 ml, 4 mg/0.1 ml), especially in pseu-
dophakic eyes. For patients who have concomitant glaucoma
or ocular hypertension or who are steroid responders, intra-
vitreal triamcinolone should be given with caution, and only
if intraocular pressure can be monitored during the course of
therapy.66 Vitrectomy surgery also may be offered,
particularly when there is evidence of vitreoretinal traction.
Vitrectomy surgery has been postulated to improve DME
even in the absence of vitreoretinal traction by increasing
oxygenation of the vitreous cavity.66 For patients with
DME that is associated with PDR, monotherapy with
intravitreal anti-VEGF therapy should be considered with
re-evaluation for the need for laser PRP or continued anti-
VEGF after the DME resolves.

In countries with low or intermediate resources, where
possible, physicians can consider off-label alternatives such as
bevacizumab (Avastin) to more expensive drugs such as rani-
bizumab (Lucentis) or aflibercept (Eylea).11Otherwise, focal or
grid laser treatment should be considered as a primary method
of treatment for DME in low- or intermediate-resource settings.
Management of Diabetic Retinopathy in Special
Circumstances

The 2017 guidelines included recommendation on the
management of DR in 2 special circumstances.

Pregnancy. For pregnancy,66 this included the following
recommendations. First, patients with pre-existing DM plan-
ning pregnancy should be informed of the need for assessment
1616
of DR before and during pregnancy. Pregnant women with
pre-existing DM should be offered a screening retinal
assessment after their first antenatal clinic appointment and
again at 28 weeks if results from the first assessment are
normal. If any DR is present, additional retinal assessment
should be performed at 16 to 20 weeks. Second, DR should
not be considered a contraindication to rapid optimization of
glycemic control in women with high hemoglobin A1c levels
early in pregnancy, but retinal assessment is essential. Third,
DR should not be considered a contraindication to vaginal
birth.

Cataract Surgery. Because DR severity and DME are
known to progress faster after cataract surgery,67,68 the
guidelines propose the following as principles of manage-
ment. For mild cataract, carefully assess DR status. Patients
without vision loss with a clear fundus view may not require
cataract surgery. For moderate cataract, carefully assess DR
status. Attempt to treat any severe NPDR with laser PRP and
anyDMEwith focal or grid laser or anti-VEGF therapy before
cataract surgery. After DR or DME is stable, consider cataract
surgery to improve vision. For severe to advanced cataract
with poor fundus view, if DR status cannot be assessed
adequately, consider early cataract surgery followed by
assessment and treatment as necessary. If DME is present,
consider anti-VEGF before surgery, at the time of surgery, or
after surgery if DME is discovered when the medium is
cleared.

Discussion

The 2017 ICO Guidelines for Diabetic Eye Care serve as a
general comprehensive guide for physicians, ophthalmolo-
gists, and health care providers with broad recommenda-
tions, incorporating best evidence-based management
principles with practical, real-world experience in different
settings. The key features of the guidelines are recommen-
dations for diagnosis and definition, screening and referral,
and follow-up and management options based on resource
settings, which are divided broadly into high-resource set-
tings (e.g., United States, United Kingdom, and Western
Europe) versus low- or intermediate-resource settings (e.g.,
rural areas in China, India, Africa, and South America).



Figure 4. Flowchart showing treatment decision tree for diabetic macular edema (DME) based on center involvement and vision. VA ¼ visual acuity;
VEGF ¼ vascular endothelial growth factor.
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There are many recommendations in the ICO guidelines
that may differ from other major reviews and national
guidelines. With regard to screening, countries such as the
United Kingdom already have well-established national DR
screening programs for all persons with DM, generally with
fundus photography incorporating telemedicine and
centralized reading centers.69 Some screening groups also
have incorporated OCT into the screening workflow as a
secondary measure to detect DME, although the use of
OCT has not yet been accepted fully as cost effective.70

Other investigators have suggested that wide-field retinal
photography may be more sensitive at detecting cases of DR
that are missed with traditional fundus photography.70

Although such ideal screening programs based on
evolving best evidence could be implemented in high-
resource setting countries, they remain a substantial chal-
lenge for countries with low or intermediate resources. In
such communities, multiple factors affect the ability to
design, construct, and sustain a DR screening program;
these factors include the shortage of trained eye care
professionals, the lack of funding for equipment such as a
fundus cameras, and inability to refer patients to facilities
for treatment. Therefore, in the ICO guidelines, specific
minimum requirements for vision and retinal examination
are proposed so that even in low- or intermediate-resource
settings, screening programs can be implemented over time.

Screening schedules and referral guidelines also differ
somewhat in different publications. The ICO guidelines
recommend that for vision-threatening levels of DR (i.e., severe
NPDR and PDR), the timing for referral should be similar be-
tweenhigh-resource settings (Table 2) and low- or intermediate-
resource settings (Table 3). However, for mild NPDR and
moderate NPDR, because of resource constraints, the timing
for referral can be longer (1e2 years and 6e12 months,
respectively) for low- or intermediate-resource settings
(Table 3). Nevertheless, it remains a significant challenge to
design, implement, and sustain cost-effective screening pro-
grams for DR, even in high-resource countries. In the United
States, for example, screening is patchy and suboptimal and up
to 50% of the population is not screened as recommended.66

Regarding treatment for DR and DME, most other reviews
and guidelines have been based on the highly cost-effective
treatments for PDR and DME that have been developed
over the past 3 decades and that have been demonstrated in
landmark randomized clinical trials. These have provided very
specific evidence and guidelines for systemic glycemic and
blood pressure control, the use of both PRP and focal or grid
laser photocoagulation therapy, and use of intravitreal anti-
1617



Figure 5. Flowchart showing antievascular endothelial growth factor (VEGF) treatment decision tree based on the Diabetic Retinopathy Clinical Research
Network (DRCR.net) re-treatment and follow-up schedule. a. In the DRCR.net study, 4-week, not 1-month, intervals were used. b. The DRCR.net study
required 4 injections of intravitreal ranibizumab every 4 weeks initially; it is not known whether a different number of injections initially would have worked
as well. DRCR.net also required 2 additional injections at months 5 and 6 if edema persisted and success had not been met, even in the absence of
improvement. c. Relevant details from the DRCR.net study: 1) DRCR.net “improvement” on Zeiss Stratus OCT >10% decrease in central subfield
thickness; 2) Even if no longer improving on OCT, injections continued if visual acuity (VA) “improvement” (unless 6/6 or better); 3) VA improvement
defined as 5 or more letter increase on Electronic ETDRS Visual Acuity Test. d. In the DRCR.net study, if focal/grid laser was deferred at baseline, it was
added at or after 24 weeks if edema still present and OCT central subfield and vision no longer improving. e. In the DRCR.net study, all patients received at
least 4 injections 4 weeks apart. The decision to re-inject was at investigator discretion, starting at 16 weeks for “success”, defined as VA better than 6/6 or
OCT central subfield <250mm. Starting at 24 weeks, re-injection was also at investigator discretion if no improvement in OCT central subfield or vision. f.
The DRCR.net study continued to follow-up every 4 weeks through the 52-week visit and did not permit extension of follow-up until after the 52 week visit.
If injection was withheld due to no improvement or success at 3 consecutive visits following the week 52 visit, follow-up interval was doubled to 8 weeks and
then again to 16 weeks if still no change. DME ¼ diabetic macular edema; ETDRS ¼ Early Treatment Diabetic Retinopathy Study.
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VEGF therapy for DME.26,27,60,71e73 The current 2017 ICO
guidelines have incorporated many of these best-evidence
practices into its recommendations, but have differed in some
important areas. For example, intravitreal anti-VEGF agents
are now used widely for DME in countries with high-resource
settings, but in low- or intermediate-resource settings, issues
with access, availability, and administration of anti-VEGF
agents may not allow the intensive treatment schedule and
regimen needed (Figs 4 and 5) to provide the outcomes seen in
clinical trials. Thus, laser photocoagulation continues to be
emphasized, particularly for nonecenter-involving DME.
The guidelines also have suggested that treatment with
intravitreal triamcinolone also may be considered, especially
in pseudophakic eyes with DME. In addition, sustained-
release steroid implants have been used to treat DME effec-
tively and may have longer duration of action and fewer side
effects.11,74,75 However, sustained-release steroid implants are
unlikely to play a significant role in DMEmanagement in low-
resource settings and thus are not covered in these guidelines.
1618
For PDR, in high-resource settings, clinicians are increas-
ingly treating highly compliant patients with anti-VEGF ther-
apy. Even then, there remains uncertainty regarding the cost
effectiveness and long-term durability of anti-VEGF therapy
for PDR, and in many situations (e.g., poorly compliant pa-
tients), laser PRP continues to be the standard of care for PDR.
Thus, anti-VEGF therapy for treatment of PDR is not recom-
mended in the guidelines for low-resource settings. These
concepts may change over time when results of new clinical
trials and cost-effective studies are released.61

Some areas do not have clear consensus, such as timing
for PRP for the treatment of PDR. The guidelines recom-
mend that PRP should be administered only if DR pro-
gresses to PDR for countries with low or intermediate
resources (Table 4). However, one of the key problems for
low-resource settings is tracking and referring patients who
need treatment on a timely basis. Thus, it can be argued that
in a low-resource environment, if a patient with severe or
very severe NPDR has been identified by screening

http://DRCR.net
http://DRCR.net
http://DRCR.net
http://DRCR.net
http://DRCR.net
http://DRCR.net
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programs, it would be appropriate to consider PRP at that
time. This prevents the possibility of not being able to
follow up and bring the patient back for treatment when
PDR eventually develops, realizing that the progression
from severe and very severe NPDR to PDR is rapid and
almost universal. Such an approach should be considered if
access to laser treatment is possible in these settings.

Some novel technologies may be useful for screening,
diagnosis, and management of DR, but are not covered in the
current guidelines. For example, OCT angiography is an
emerging technology with the capability to visualize the retinal
microvasculature and capillary network without the need for
injection of fluorescein dye, and thus is a potential replacement
for invasive fluorescein angiography.76 Studies show OCT
angiographyemeasured retinal capillary network changes are
associated with severity of DR,77,78 nonperfusion, diabetic
macular ischemia,79 visual acuity,80 and systemic risk factors.81

However, the exact role of OCT angiography in the assessment
and management of DR and DME remains to be determined.
Similarly, the use of automated computer software, including
new artificial intelligence algorithms, to detect DR from
fundus photographs is extremely promising,81,82 but it is un-
clear how such automated systems fit within existing DR
screening programs at present.83

A recent position statement by the American Diabetes
Association (ADA) has documented its recommendations
for screening and follow-up on the management of DM.36

The ADA position statement is largely targeted at the US
health care system and may be applicable to other high-
resource settings, and it does not make specific recom-
mendations according to the types of resource availability.
Some differences between the ADA and ICO should be
highlighted. First, regarding screening schedules, the ADA
suggests annual DR screening examination may not be
necessary for patients with DM who have no evidence of
DR for one or more annual DR screening examinations, and
screening every 2 years thus can be considered for these
patients. If any level of DR is present, subsequent exami-
nations should be repeated at least annually or more
frequently if the DR is progressing or sight threatening.36

These were taken into consideration in developing the
recommendation for screening for no DR or mild NPDR
in the current ICO guidelines (Tables 2 and 3). Second,
there was no follow-up schedule recommended by the
ADA for stable and treated PDR or DME. The ICO
guidelines incorporated this because it covers a large
portion of the population with DM. Third, regardless of the
resources status, the ICO guidelines recommended a
slightly more intensive follow-up schedule for center-
involved DME as compared with the ADA’s recommen-
dation, taking on a tighter preventive measure in an attempt
to reduce the risk of DME progression as the main cause of
vision loss. Fourth, in terms of treatment, the ADA rec-
ommends intravitreal steroidal treatment as an alternative to
anti-VEGF therapy for DME. However, it was believed that
steroid therapy may carry the risk of cataract and glaucoma
that may not be possible to detect or manage in lower-
resource settings.

It is important to emphasize that the ICO guidelines are
not a systematic review of the literature and do not reflect
the latest developments reported in major clinical trials.
Thus, because this report was not conducted as a systematic
review, references are not graded according to levels of
evidence. There are also important details on specific con-
cepts not addressed in these guidelines. For example, the
guidelines suggest that for DR screening, the “retinal ex-
amination could include telemedicine approaches,” but do
not define the parameters for such programs, including is-
sues related to type of camera, the need for pupil dilation,
the quality of photographs, the grading of images, among
others; these are covered in other reviews and studies.84e86

In summary, with DM estimated to affect more than
600 million by 2040, with the vast majority living in
developing countries with low and intermediate resources,
comprehensive yet practical guidelines are necessary for
diagnosis, definition, screening, referral, follow-up, and
management. The 2017 ICO guidelines provide a basis for
many countries and communities to develop more specific
programs targeted at reducing the risk of vision loss
resulting from DR.
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