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1. CHARACTERIZATION OF DIABETIC RETINOPATHY

Diabetic retinopathy (DR) is a typical microvascular complication of diabetes mellitus (DM). It develops secondary to specific morphological lesions resulting from metabolic disorders in patients with Type 1 and Type 2 DM. Diabetic retinopathy may be also present in other specific types of DM. In industrialized nations, DR and its complications are the most common cause of new-onset blindness in individuals aged 20–74 years. 

Established risk factors for DR include duration of diabetes, chronic hyperglycemia, hypertension, and presence of nephropathy. Comprehensive preventive and therapeutic procedures reduce the risk of loss of vision by more than 90%. These procedures include intervention of modifiable risk factors, active screening of DR, and specialized treatment by an ophthalmologist.

2. EPIDEMIOLOGICAL CHARACTERISTIC
A major factor affecting the prevalence of DR is duration of disease. Statistical data released by the Institute of Health Information and Statistics of the Czech Republic (Ústav zdravotnických informací a statistiky ČR, UZIS) put the figure of the treated patients with DM in the Czech Republic in early  2010 at 806 230 (an increase of over 300% compared with 1975). Of this number, 6,9% were patients with Type 1 DM, 91.8% patients with Type 2 DM, and 1.3% with other types DM. It is estimated that one in 10 citizens of the Czech Republic will have DM in the next few years. An additional 50,916 individuals have been diagnosed with impaired glucose tolerance. 

The most common microvascular complication of DM is diabetic retinopathy (DR). In 2010, the number of diabetic patients with DR totaled 96,964 (11.7%). Of this number, proliferative DR (PDR) was diagnosed in 23,565 diabetics, accounting for almost 3% of the total number of diabetic patients.

The incidence of diabetic maculopathy (DMP), the most common cause of reduced visual acuity, is not monitored by statisticians in the Czech Republic. The substantial differences in the incidence and prevalence of diabetic macular edema (DME), documented in various epidemiological studies, depend on the type of DM, therapeutic modality used (insulin, peroral antidiabetic drugs /PAD/ or diet only), duration of DM and patients age. While DME may develop at any stage of DR, it occurs most often with the more severe forms of DR. The prevalence of DME rises with increasing duration of DM and depends directly on the level of glycated hemoglobin (HbA1c) and presence of nephropathy. International statistics have shown DME occurs in 40% of patients with Type 1 DM after 25 years of DM duration. In patients with Type 2 diabetes, DME is diagnosed as early as seven years of DM duration in 20% of patients, and in 40% of diabetic patients at 20 years.

The number of blind diabetic patients in the Czech Republic was 2,313 in 2009, i.e., 0.3% of the diabetic population.

3. PATHOPHYSIOLOGICAL BASIS AND MORPHOLOGICAL CHARACTERISTICS

A role in the pathogenesis and progression of DR are played by genetic and metabolic factors, the most important of which is chronic hyperglycemia with related metabolic pathways (protein glycation, polyol pathway of glucose metabolism, oxidative stress). A factor contributing to the development of DR and its exacerbation is hypertension. Evidence incriminating the effect of serum lipids and the mechanism of their potential action on the development of DR is not compelling.

Hemodynamic, rheological, and structural changes in retinal microcirculation result in a progressive increase in capillary permeability, obliteration of capillaries, and development of capillary non-perfusion, localized predominantly in the central periphery of the retina in Type 1 DM, and in the region of the posterior pole of the eye in Type 2 DM. Chronic retinal hypoxia stimulates neovascularization in the retina. A major factor affecting DR are lesions of retinal pigment epithelium and neurodegenerative lesions of the neurons and glial cells of the retina.

4. CLASSIFICATION AND CLINICAL CHARACTERISTICS

The following clinical stages and forms of DR have been defined based on the dynamics of retinal changes: non-proliferative DR (NPDR), proliferate DR (PDR), and DME.  

No-proliferative DR (NPDR). Major clinical features of NPDR include microaneurysms, hemorrhage, phlebopathy, intraretinal microvascular abnormalities (IRMA), and cotton-wool spots. Based on the severity of the lesions, NPDR can be further subdivided into incipient [4–0–0] (the figures in brackets refer to the number of quadrants showing clinical progressive signs of capillary occlusion: hemorrhage – phlebopathy – intraretinal microvascular abnormalities), moderate [4–1–0] and advanced. Advanced NPDR shows a wide range of clinical progressive signs of retinal non-perfusion and ischemia dynamically turning the advanced forms [4–2–1] into the very advanced of NPDR [4–4–4]. (Davis - Murphy rule.)
Proliferative DR (PDR). Establishing the diagnosis requires the presence of neovascularization at any site on the retina and/or the optic disc with or without the respective fibrous tissue. In addition to progressive finding of retinal and epiretinal neovascularizations with the presence of fibrous tissue, manifestations of advanced PDR include complications such as preretinal, retrovitreal, and intravitreal hemorrhage, traction and/or rhegmatogenic retinal detachment and neovascularization in the iris. Based on dynamics of the disease, PDR is subdivided into incipient and high-risk PDR. High-risk PDR is defined by the presence of neovascularization on the optic disc involving a one fourth up to a one third of the papilla, and/or neovascularization at any site on the retina involving at least one fourth of the papillary region accompanied by intravitreous hemorrhage.

Diabetic macular edema develops secondary to break-down of the blood-ocular barrier ultimately leading to extracellular fluid accumulation, retinal edema and, usually, also protein and lipid deposition in the form of hard exudates. Diabetic macular edema is commonly defined as retinal thickening or presence of hard exudates within 1 papillary diameter (1,500 microns) from the macular center. Alternatively, DME may develop and persist due to vitreomacular (VM) traction. 

Classification of DME:

a) focal – is characterized by primarily discrete leakage from microaneurysms and capillaries. Regions of focal leakage are often demarcated by an incomplete or complete ring of hard exudates.

b) diffuse – is characterized by more extensive macular thickening and marked leakage predominantly from dilated capillaries in the perifoveal region and from the deep capillary bed. Diffuse DME is usually symmetrical with no significant exudation.
c) cystoid – is invariably accompanied by diffuse edema and is characterized by leakage into preformed spaces of deeper, primarily neural, retinal layers. 

d) ischemic maculopathy – is characterized by loss of perifoveolar capillary network (capillary drop-out) and significant expansion of foveal avascular zone (FAZ) while significantly impairing visual acuity.

e) mixed – a large variety of mixed forms have been reported in clinical practice.   

Clinically significant macular edema (CSME). The Early Treatment Diabetic Retinopathy Study (ETDRS) used this clearly defined term to emphasize macular edema posing an imminent threat to the fovea and central visual acuity.

Table 1. Clinical stages of diabetic retinopathy

	
	Finding on the fundus
	Minimal frequency of visits

	Non-proliferative DR
	
	

	Incipient
	microaneurysms
	6-12 months

	
	microhemorrhage
	

	
	Intraretinal hemorrhage
	

	
	Venous abnormalities
	

	Moderate
	Vascular lesions in the macular region
	6-12 months

	
	Hard exudates
	

	
	Cotton-wool spots
	

	Advanced
	Intraretinal microvascular abnormalities
	3-6 months

	
	Retinal ischemia
	

	Proliferative DR
	
	

	Incipient
	Retinal neovascularization (epiretinal)
	Assessed by ophthalmologist

	
	Papillary neovascularization (epiretinal)
	

	High-risk
	Traction amotio retinae
	

	
	Intravitreous hemorrhage
	

	Diabetic maculopathy
	Macular edema
	Assessed by ophthalmologist

	
	Clinically significant macular edema
	


5. DIAGNOSIS

Diagnostic techniques for detecting DR are biomicroscopi using the slip lamp, simple photography, red-free photography, stereoscopic photography, and fluoroangiography (FAG) of the fundus. These techniques are simple, safe, and capable of distinguishing patients with DR from those without DR. All fundus assessments are performed after pharmacological dilatation of the pupil using 2.5% phenylephrine (a sympathomimetic) and 1% tropicamide (a parasympatholytic).
Biomicroscopic examination using the slit lamp is a technique with sensitivity sufficient to establish the diagnosis of DR, neovascularization on the iris, to detect the presence of retinal thickening in the macular region, and neovascular lesions on the optic disc or elsewhere on the retina. The examination is performed using a spherical lens with 90 diopters or  other types of non-contact or contact lenses.

Stereoscopic photography or digital stereophotography in 7 fields, the ”gold standard“ according to the Airlie House Classification for DR grading (ETDRS and EURODIAB studies). Color documentation of the basic two fields (central and disconasal 40° field) should be always obtained in all at-risk patients presenting with more advanced forms of DR.

FAG is a method not recommended for purposes of screening. It is not necessary to diagnose CSME or PDR.  FAG may be indicated prior to laser coagulation of DMP, to determine the extent macular capillary non-perfusion, tiny neovascularization, or to assess an unexplainable decrease in ocular acuity.

Optical coherence tomography (OCT) is an examination of the macula using the principle of high-definition low-coherence interferometry. It is the most advanced technique allowing to visualize of retinal structures in high-definition of up to 3μm slice. The C-scan visualizes retina in the frontal plane. This is a non-invasive examination that can be performed quickly while not requiring pupil dilatation. The examination allows to monitor anatomical and functional alteration of the macula over time and the efficacy of treatment of DME.
6. THERAPEUTIC PROCEDURES

Treatment and prevention of DR is based on lifestyle modifications and drug therapy of modifiable risk factors, in particular hyperglycemia and hypertension, and ophthalmologists. A “conditio sine qua non” is an active ophthalmologic screening program. No specific drug therapy is currently available.

anagement of risk factors

Prerequisites of successful treatment include patient compliance, satisfactory DM control and control of other risk factors. The goal/target values recommended preventing the development and progression of all microvascular and macrovascular complications including DR in both types of DM are listed in Table 2. These goal values are within the normal range of the parameter in question and cannot be achieved in a number of patients. Individualized therapeutic goals are set for each patient. 

Tab. 2. Goals of treatment of the diabetic patient

	Parameter
	Desired value

	HbA1c (%)




 

Fasting glycemia in venous plasma (mmol/l) 

Fasting glycemia in whole capillary blood /self-monitoring/(mmol/l) 

Postprandial glycemia (mmol/l)
	< 4.5 (< 6.0)

 6.0 (< 7.0)

4.0–6.0 (< 8.0)

5.0–7.5 (< 9.0)
	

	Blood pressure  (mmHg)


	 130/80
	

	Lipids

      Total cholesterol (mmol/l)

      LDL cholesterol (mmol/l) 

      HDL cholesterol (mmol/l): males/females

      Triglycerides (mmol/l)
	 4.5

 2.5

 1 /  1.2

 1.7
	

	Body mass index 

Waist circumference: females (cm) / males (cm)
	19-25

 80 / 94
	

	 
	
	


 HbA1c – is determined as recommended by the International Federation of Clinical Chemistry (IFCC), with normal values being up to 4% according to IFCC. 
Note: glycated hemoglobin is now reported in the new unit mmol / mol (HbA1c % x 10 = mmol/mol)
 In patients with overweight and obese patients, the goal is reduction of body weight by 5–10% 

 In diabetic patients after cardiovascular events, LDL cholesterol below 2.0 mmol/l

Figures in brackets give recommended values for diabetic patients at high cardiovascular risk. Goal values should be best individualized.

Treatment of hyperglycemia

Tight diabetes control has been conclusively shown to be effective in preventing the development and progression of DR, with a role played by what is referred to as metabolic memory. Tight diabetes control (HbA1c < 4.5%) is particularly critical – irrespective of the type of diabetes – in the period immediately after diagnosis and in individuals at low cardiovascular risk (patients with diabetes of short duration, without a history of cardiovascular events, and current HbA1c approx. up to 7.0%). Our policy is less strict in patients with associated serious disease, where hypoglycemia raises the risk for cardiovascular complications (HbA1c < 6%). A critical consideration is patient safety (absence of hypoglycemic episodes). The decrease in blood sugar levels should not be abrupt, particularly in patients with long-term severely decompensated DM (see risk for early normoglycaemic re-entry phenomenon). Optimal control should be obtained gradually over several months.

Any decrease in HbA1c, though not achieving target value, is beneficial for stabilization of DR. The modality chosen for treatment of hyperglycemia is usually reviewed when HbA1c is in excess of 53%.

When seeking a decrease in hyperglycemia, the critical consideration is not choice of the hypoglycemic agent but the level of diabetes control achieved (UKPDS, DCCT).

Treatment of hypertension
Blood pressure normalization and stabilization have also been clearly shown to be an effective component of the treatment of DR. However, the question to be yet answered is whether the individual classes of antihypertensive drugs may also have a specific effect on the course of DR. The drugs of choice in the treatment of hypertension in diabetic patients are ACE inhibitors and sartans. However, evidence supporting their advantageousness is based on their cardioprotective and nephroprotective action and, given the current status of evidence; the choice of the drug makes no difference in terms of retinopathy progression.

Treatment of dyslipidemia

Epidemiologic studies have demonstrated close correlations between the incidence of hard deposits on the retina and serum LDL cholesterol levels as well as between LDL cholesterol and severity of DR, and between DR and intima-media thickness on the carotid artery. Similarly, serum triglyceride levels are associated with retinopathy severity and, prospective studies have even identified them as an independent risk factor for DR. Interventional studies showing that lipid-lowering therapy does reduce the risk of DR progression, have not been reported to date. Interesting results currently being verified have been furnished by subanalyses of the large mortality trials FIELD and ACCORD. FIELD has documented a highly significant decrease in the numbers of the laser photocoagulation procedures in a group of fenofibrate-treated patients with Type 2 DM (by 30% p0.005) compared with placebo. Similar beneficial outcomes have been reported after combining a fibrate with a statin as compared with statin monotherapy (ACCORD).

 Specialized ophthalmologic treatment

Essentially, three therapeutic modalities are currently available in the treatment of DR:

a) focal or grid macular photocoagulation
b) panretinal photocoagulation

c) Pars plana vitrectomy

Laser coagulation of the retina – significantly reduces the risk of loss of visual acuity. Early timing of treatment of indicated stages of DR and DME is critical for avoiding loss of visual acuity. The efficacy of laser coagulation is preventive and will not usually reverse any loss of visual acuity. Standards for laser treatment of DR and DME are difficult to define and the methodological instructions proposed are thus general recommendations based on the DRS (Diabetic Retinopathy Study) and ETDRS trials. Laser coagulation can be focal, quadrant, or panretinal. Choice of the type of procedure is based not only on the severity of DR but also on the presence of any risk factors.

Incipient NPDR – this stage does not require laser therapy.

Moderately advanced NPDR – laser coagulation of the retina is not usually performed in this stage.

Moderately advanced NPDR and presence of CSME – in patients with long-term poor diabetes control, our recommendation is FAG. In the presence of focal or diffuse leakage in the macula or the non-perfused region, it is appropriate to initiate focal laser coagulation of the macula to stabilize visual acuity.
Advanced NPDR – will usually require quadarnt/panretinal coagulation of the retina.

Patients with advanced NPDR associated with CSME receive photococoagulation of mid- periphery of retina or quadrant retinal photocoagulation, in cases where CSME has failed to resolve, by focal, grid, or modified grid macular photocoagulation.

Advanced NPDR associated with CSME in patients with Type 2 DM and MODY – laser therapy can be considered; our recommendation is to begin with laser photocoagulation of the macula. The benefit of early panretinal photocoagulation in patients with Type 2 DM is greater than that in those with Type 1 DM. 

DME – is a common indication for photocoagulation. Treatment should be started in time. The patient should be informed about the need to start therapy before their visual acuity has deteriorated.  Statistical data show that visual acuity improves following edema resorption in only 15% of patients (see combination therapy below).

CSME – is treated by laser photocoagulation as a rule. Choice of the technique of laser treatment will depend on the clinical presentations of the edema. This condition requires focal /grid laser coagulation alone and/or in combination with other therapeutic options such as intravitreous anti-VEGF agent or steroid administration.

PDR – is always an indication for laser therapy. The technique of treatment is based on the type and extent of proliferation.

Retinal neovascularization (RNV) in insulin-treated patients with Type 2 DM, RNV responds quite well to focal or quadrant coagulation. In patients with Type 1 DM, panretinal photocoagulation is the more appropriate option.

Papillary neovascularization (PNV) of the optic disc is almost as a rule an indication for panretinal photocoagulation. 

Persistent newly formed vessels may pose a major challenge. Targeted coagulation is associated with relatively high risk of hemophthalmus. Regression of these neovascularization can be modulated by intraocular anti- VEGF injection.

Early normoglycemic re-entry phenomenon In patients with an anticipated rapid decrease in glycated hemoglobin from levels of over 11%, our recommendation in advanced NPDR and PDR is to undertake panretinal photocoagulation. 

A major side effect of panretinal photocoagulation is the development or deterioration of DME. Hence, it is our policy to perform panretinal photocoagulation is 4 or 5 separate sessions an interval of several days. 

Combined therapy of DME:

The RESTORE, READ-2, and Diabetic Retinopathy Clinical Research Network Studies (DRCRnet) studies have confirmed the relevance of combination therapy with laser coagulation and intravitreal administration of anti-VEGF agents and steroids. 

A phase III study of the efficacy and safety of ranibizumab in patient with deterioration of visual function secondary to DME (RESTORE) has documented improved vision both after intravitreal injection of ranibizumab in monotherapy and in combination with laser coagulation of DME performed prior to the intravitreal procedure. 

A multicentric, randomized, and double-blind Phase III study in eyes with DME has shown, after an intravitreous injection of pegaptanib, improved visual acuity by 37% in patients compared with those receiving placebo.

The pilot DRCR.net study in eyes with mild DME and good visual acuity treated with peribulbar injection of triamcinolon (TA) in combination with or without focal laser coagulation has not shown a substantial benefit. In recent years, intravitreous TA has also been used in combination therapy of DME. Randomized clinical trials (DRCR.net) have confirmed significant improvement both in anatomical and functional outcomes.

A randomized controlled clinical Phase III study is ongoing evaluating the effect of intravitreous injection of bevacizumab alone or in combination with TA and laser photocoagulation.

Pars plana vitrectomy (PPV)

This is a microsurgical procedure in the corpus vitreum, and retina with optional endolaser panretinal photocoagulation. Essentially, the procedure involves removal of the hazy, pathologically altered vitreous and discontinuation of vitreoretinal adhesions, peeling and removal of epiretinal and subretinal membranes with subsequent re-attachment of the retina in the event of its detachment, followed by laser retinal coagulation.

Basic indications for pars plana vitrectomy in DR and its complications can be divided into several groups: 

- non-resorbing vitreous hemorrhage
- traction retinal detachment threatening the macula 

- combined traction and rhegmatogenous retinal detachment
- advanced progressive fibrovascular proliferation

- florid PDR not responding to laser photocoagulation

- neovascularization of the iris associated with vitreous hemorrhage

- dense non-resorbing premacular hemorrhage
- macular edema not responding to laser coagulation, diffuse and/or cystoid without
vitreomacular (VM) traction and/or with VM traction

The procedure is performed in vitreoretinal centers. The final decision on indication of vitrectomy is made by the vitreoretinal surgeon, with special consideration given to the potential of improved visual function of the patient. In the decision-making process, a variety of factors should be considered such as the visual function of the contralateral eye; the finding of severe ischemic lesions on the contralateral eye retina signals that a similar finding can be expected on the eye to be operated on for hazy vitreous humor where even a successful procedure often fails to improve the patient´s sight. In indicated cases of PDR, preoperative preparation with intraocular injection of an anti-VEGF agent is used with advantage to reduce the risk for intraoperative and postoperative bleeding while increasing the chances for a better postoperative outcome.

Other options of drug therapy

Causal drug therapy of DR has not been identified. To date, no drug acting specifically on the development and progression of DR has been shown to be effective. At present, use of drugs such as vasodilators, antiplatelets, vitamins, dobesilate calcium, and other for prevention or treatment of DR, is not justified.

 

Antiplatelet and anticoagulation therapy in DR 

Use of acetylsalicylic acid at a standard dose (75–150 mg/day) has not been shown to increase the risk of vitreous hemorrhage in DR. As a result, DR does not pose a contraindication to acetylsalicylic use in secondary prevention of coronary heart disease. There has been ongoing debate regarding the risks associated with anticoagulation, and/or fibrinolytic therapy in myocardial infarction, pulmonary embolism and other vital indications. In these vital cases, DR should not be a contraindication to use of the above agents. Clearly, in non-vital indications such as heparinization in hemodialysis, venous thrombosis, extreme caution should be exercised while carefully monitoring hemocoagulation parameters, particularly in  high-risk types of PDR. In cases other than vital indications, anticoagulation therapy is not provided in the early period after recent intraocular hemorrhage.

 

Normoglycaemic re-entry phenomenon

This is a transient deterioration of DR potentially occurring after rapid diabetes compensation patients with Type 1 and 2 DM, e.g., after initiation of insulin therapy, introduction of intensified insulin therapy, switch to therapy with insulin pump or pancreas transplantation. The rise in growth factor levels is followed by rapid progression of advanced DR and maculopathy in the fundus. This condition is characterized by severe hypoxia, edema, and formation of soft exudates. Risk factors include high HbA1c levels and DR severity. While not a fatal complication, its clinical course may not be always benign.

Recommended procedure in anticipated rapid decrease in glycemia:

Moderate NPDR – examination by an ophthalmologist every 2-3 months

Advanced NPDR a evolving PDR – panretinal photocoagulation

DME – FAG, possibly followed by laser photocoagulation 

If possible, every effort should be made to achieve slower diabetes control (over a period of several months!) in patients with long-term severely decompensated diabetic patient. In no case should the risk of normoglycaemic re-entry phenomenon provide a reason for deferring initiation of intensified therapy!

 

Pregnancy and delivery

Should a patient with DR decide to conceive, she should be advised about the risk of acceleration of DR. Examinations are mandatory prior to conception and subsequently in each trimester. Stabilization of DR using any measures available is critical. Pregnancy is not a contraindication to laser therapy. Non-proliferative diabetic retinopathy is not a contraindication to natural delivery. While PDR is not a contraindication to Caesarian section, patient-friendly conduct of delivery is recommended.

7. PROGNOSIS AND RPEVENTION 


Prevention of the onset and progression of DR should be performed in close collaboration of diabetologists, endocrinologists, general practitioners, and ophthalmologists. The aim of therapy in DM patients in terms of prevention and stabilization of DR is long-term satisfactory diabetes and hypertension control. In diabetic patients, the diabetologist will recommend examination by an ophthalmologist at the time of establishing the diagnosis of both type of DM (with signs of DR possibly already present) and once a year thereafter. The ophthalmologist is responsible for early detection of DR, keeps records of diabetic patients with DR inviting them for regular follow-up examinations, and provides specialized therapy. Active screening is performed by the ophthalmologist in children aged over 10 and in patients with Type 1 and 2 DM immediately after DM has been diagnosed. Follow-up examinations in diabetic patients with DR are more frequent (at an interval of 3 to 6 months) depending primarily on the degree of DR. more frequent follow-up examinations are also mandatory during pregnancy and in those with anticipated improvement of diabetes control (e.g., after initiation of intensified insulin therapy, insulin pump therapy, or after pancreas transplantation) as well as at the time of initiation of dialysis. In these cases, the diabetologists should be ideally in touch with the ophthalmologist.

8. ASSESSSMENT CONSIDERATIONS IN SIGHT-RELATED COMPLICATIONS OF DR
Advanced stages of DR significantly decreasing visual acuity or reducing the extent of the visual field are indications for awarding partial or full disability while considering the special circumstances in individual patients according to the respective regulations.
Real bilateral blindness is defined as visual acuity of 1/60 with the best available correction of 1/50 up to light perception or reduction of the visual field of up to 5 degree around central fixation, although central acuity is unaffected. Complete bilateral blindness is defined as the loss of sigh including conditions of complete loss of light perception up to preservation of light perception with erroneous light perception.
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