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Age related macular degeneration (ARMD) is the leading cause of irreversible blindness. Since AMD adversely affects activities of daily living, rending it more difficult to read, write and drive, many affected individuals lose their independence in their retirement years. The population over age 85 years is expected to increase by 107% by the year 2020, so the prevalence of this disease will continue to rise dramatically.The growing impact of this problem on our society may even reach epidemic proportions.

No treatment is available for the dry or nonexudative forms of this disease,which make up about 85% of the cases. For the remaining 15 %  of cases, laser treatment is the only therapy that has been demonstrated by randomized clinical trials to be beneficial for such groups of patients. 

Senile macular degeneration was first reported as a clinical entity in 1885 by Otto Haab , who described a variety of pigmentary and atrophic changes in the macular region , causing progressive impairment of central vision in patients over 50 years of age. A major step towards understanding the disease was taken when Gass  clarified that drusens, senile macular degeneration and senile disciform macular degeneration represented a single disease.

EPIDEMIOLOGY OF AMD

PREVALENCE

Three population based studies  the Beaver Dam Eye Study (USA), the Blue Mountain Eye Study (Australia) and the Rotterdam study (Holland) – have addressed the prevalence of late AMD in the respective populations.Utilising a standard protocol of objective grading using colour fundus photographs, the prevalence of AMD was 1.7% (1.2% exudative, 0.5% geographic atrophy in the Beaver Dam Eye study, 1.4% in the Blue Mountain study, and 1.2% in the Rotterdam Eye study.Similar population based studies are not available in India. The prevalence of AMD in the south Indian population over 70 years is estimated to be 1.1%.

INCIDENCE
The Framingham Eye Study (FES) used the age specific prevalence data to estimate 5 year incidence rates of AMD. These estimates were 2.5%, 6.7% and 10.8% for individuals who were 65, 70 and 75 years of age respectively.

QUALITY OF LIFE

The psychologic and economic costs associated with AMD underscore the growing importance of this disease in the expanding older adult population.For this reason it is important to incorporate a functional component into studies of AMD

SOCIODEMOGRAPHIC RISK FACTORS

1.   Age:-

All studies demonstrate that the prevalence , incidence and progression of all forms of AMD rise steeply with increasing age. There was a 17 fold increased risk of AMD comparing the oldest to the youngest age group in the Framingham study. In the Waterman study, the prevalence of moderate to advanced AMD doubled with each decade after age 60.

2.   Gender
In the Beaver Dam Eye Study, there was no overt difference in the frequency of AMD between man and woman after controlling or age. However, exudative macular degeneration was more common in women 75 years or older compared with men.

3.   Race/ethnicity
The situation till date suggests that early AMD is common among blacks and Hispanics, although less common than among non-hispanics whites, whereas late AMD is much less common in these groups compared with non-hispanics whites.

4.  Socioeconomic status

Although less education and lower income have been shown to be related to increased morbidity and mortality from a number of diseases, this has not been convincingly demonstrated for AMD.

OCULAR RISK FACTORS

1. REFRACTIVE ERROR
Several case controlled studies have shown an association between AMD and hyperopia .  Population based data for the Blue Mountain Eye Study has also suggested a weak association between hyperopia and early ARM, but not late ARM.

2. IRIS COLOUR
Higher levels of ocular melanin may be a protection against light induced oxidative damage to the retina, since melanin can act as a free radical scavenger.Dark irides have been found to be protective against AMD in some studies but not in other studies.

3. LENS OPACITIES

Data regarding the relationship between the presence of cataract and AMD are inconstant. Framingham Eye Study finds no relationship between the two. On the other hand, investigations have postulated that cataract surgery may increase the risk of AMD, perhaps because the cataractous lens can block damaging UV light.

BEHAVIOURAL AND LIFESTYLE FACTORS
1. Smoking

The preponderance of epidemiologic evidence indicates strong positive association between both wet and dry AMD and smoking. Risk increased as pack years of smoking increased, indicating a dose dependent relationship.

Mechanisms seem to include the adverse effects of smoking on blood lipids by decreasing levels of HDL and increasing platelet aggregability and fibrinogen, increasing oxidation stress and lipid peroxidation.

2. Antioxidants
Antioxidants including Vit C , Vit E and the carotenoids may be relevant to AMD because of their physiologic function and the location of some of their nutrients in the retina. Theoretically, antioxidants could prevent oxidative damage to the retina, which could in turn prevent development of AMD.

3. Alcohol intake
In a large prospective study of women and men, no support was found for a protective association between moderate alcohol consumption and risk of AMD, although there was a suggestion of a modest increased risk of AMD in heavy drinkers.

4. Sunlight exposure
The literature to date regarding the association between sunlight exposure and AMD is conflicting. Overall the data do not support a stray association between UV radiation exposure and a risk of AMD, although a small effect  and an adverse effect of blue light exposure cannot be ruled out.

CARDIOVASCULAR RELATED FACTORS
1. Cardiovascular diseases

Results obtained from a cross sectional study showed a 4.5 fold increased risk of late macular degeneration associated with plaques in the carotid bifurcation and a two fold increased risk associated with plaques in the common carotid artery.

2. Blood pressure and hypertension

The role of blood pressure in the etiologic complex of AMD remains unclear. The               study reported that systolic BP was associated with incidence of  RPE depigmentation.

3. Cholesterol levels and dietary fat intake

There is some evidence linking cholesterol level to AMD, but not all results are consistent. The Beaver Dam Eye study found that early AMD was related to low serum cholesterol levels in women and men older than 75.

4. Hormonal and reproductive factors

Both Beaver Dam Eye study and Blue Mountain Study reported no relationship between AMD and hormonal replacement therapy in early menopause.

5. Genetic factors

Increasing evidence suggests that genetic or familial factors may play a role in the etiologic basis of AMD. The evidence includes the demonstration of familial aggregation, a case controlled study and a segregation analysis. The degree of heritability and   the relative role of genetic and environmental factors , however  is still unknown. This is currently under investigation.

CLASSIFICATION OF AMD
Macular degenerative changes have typically been classified into two clinical forms, dry or wet, both of which can lead to visual loss. The wet form is also called exudative. In the dry form, the visual loss is gradual. It is important for investigations to standardize definition of a disease and its subtypes, to enhance comparability,and to promote collaborative efforts. Towards this goal , an international classification and grading system for AMD was recommended. In this system early age related Maculopathy (ARM) is defined as the presence of drusens and RPE irregularities, and the term late ARM and AMD limited to the occurrence of geographic atrophy and neovascular diseases.  

The International Epidemiological Age related Maculopathy Study Group has retained Haab’s original description, defining early ARM as a degenerative disorder in persons more than 50 years of age, characterized by the presence of any of the following lesions:

-
 Soft drusen (>63 micrometer) : when occurring alone, soft, indistinct drusen are considered more pathognomonic than soft, distinct drusen.

- 
Areas of hyperpigmentation associated with drusen but excluding pigment surrounding the hard drusen. Areas of depigmentation or hypopigmentation associated with drusen.

Grading systems have been derived to permit comparison of severity over time of the size, number and extent of drusen. Grids are prepared on a transparent sheet and laid over one of a pair of  stereoscopic colour fundus transparencies. Because of the 3x magnification of the 30o fundus camera, 4.7 mm  on the grid corresponds to 1500 mm, the diameter of the optic disc in the average fundus.
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SIMPLIFIED FORM OF WISCONSIN AGE RELATED MACULOPATHY GRADING SYSTEM

The diameter of circles are respectively 1000 microns, 3000 microns and 6000 microns the central and middle circles combined define the inner macula, which is 2 DD across. The outer circle defines the macula itself.

CLINICAL FORMS OF AMD
Clinically AMD is characterized by the presence of drusen, RPE abnormalities, CNV, PED, geographic atrophy and disciform scar. Presence of drusen and RPE abnormalities together represent the early stage of AMD, with the other characteristics representing the late stage of AMD. The neovascular component of AMD consists of CNV and PED. The geographic atrophy and disciform scar are the terminal stages of the disease process.

1.   Drusen
(a)   Clinical features
The earliest clinically detectable form of AMD is the appearance of asymptomatic yellow excrescences beneath the RPE, called drusen, which are distributed symmetrically at both posterior poles. Drusen may vary in number, size , shape, degree of elevation and extent of associated changes in RPE. They are rarely clinically visible before the age of 45 years. The following are the main types of drusen:

        (i)
Small, hard (hyalinized) drusen

       (ii)  
Soft, (pseudocyst), cluster derived drusen

       (iii) 
True soft drusen with three morphologic  subtypes

· granular 

· fluid 

· membranous

        (iv) 
Reticular drusen

        (v)  
Regressing drusen

(b)   Histopathology
Drusen consists of discrete deposits of abnormal material in the inner portion of Bruchs membrane between the basement membrane of the RPE and the inner collagenous layer. The abnormal material also accumulates diffusely throughout Bruchs membrane. It has been postulated that the lipid content of drusen may be a determinant for the subsequent behaviour.

(c)
 Flourescein angiography
Some drusen are brightly fluorescent during angiography, whereas others are not. The degree of fluorescence appears to depend on the quantity of pigment in the overlying RPE.

(i)
Associated atrophy of RPE overlying drusen gives rise to RPE window defect caused by impaired visibility of background choroidal fluorescence. It has been postulated that hyperflourescent drusen are hydrophilic (low lipid content) and predispose to the subsequent development of CNV.

          (ii)
Hypoflourescent drusen are hydrophobic (high lipid content) and if large and confluent predispose to the subsequent development of detachment of RPE.

DRUSEN AND AMD
Although many eyes with drusen maintain normal vision throughout life, a significant number of elderly patients develop impairment of central vision from AMD.

ATROPHIC AMD
Atrophic (dry, nonexudative) AMD is by far the most common type accounting for 90% of cases. It usually results from a slowly progressive atrophy of the RPE and photoreceptors although in some cases it may follow collapse of an RPE detachment.

Geographic atrophy  is ophthalmoscopically characterized by a large (> 175 microns) well demarcated, hypopigmented patch over the macular area.

1. Pathology
The changes causing an area of atrophy to spread are best studied at the junctional zone, where invivo studies have demonstrated increased lipofuschin induced autoflourescence. Here the lipofuchin content of the RPE is maximum, presumably the result not only of autophagy and outer segment phagocytosis, but also opf engulfment of discarded RPE and their photoreceptor cells. Within the area of atrophy itself there is absence of photoreceptors, RPE and choriocapillaries, the loss of RPE preceding the loss of the choroidal capillaries.

2. Presentation
     Gradual to moderate impairment of vision over several months or years.

3. Signs in chronological order
    (a)  Focal hyperpigmentation of retinal pigment epithelium

    (b) Development of sharply circumscribed circular area of RPE atrophy associated with varying degrees of loss of choriocapillaries . One or both eyes may be affected.

    (c)
The larger choroidal veins may become prominent within the atrophic areas and pre-existing drusen disappear.

4.  Investigation
   Flourescein angiography shows hyperflourescence which may be more extensive than that apparent clinically.

5. Treatment
   No concrete treatment is available, although the provision of low visual aids is useful in many patients.

6. Prognosis

Once geographic atrophy has commenced, the factors that influence the rate and direction of further spread are the number, distribution, and regression of drusen and  the extent  of incipient atrophy. Prognostication therefore requires each case to be assessed individually , but in one study the average interval from onset of geographic atrophy to legal blindness was about 9 years.

   DETACHMENT OF RPE

Detachment of RPE, unrelated to CNV, typically appears as a round or oval, yellow or yellow-orange sharply demarcated mound of RPE on ophthalmoscopy. Occult CNV may be responsible for serous detachment of RPE, and bleeding from CNV could also cause haemorrhagic detachment.

1. Signs : Sharply circumscribed , dome shaped elevation at the posterior of varying size.

2. Investigation:

(a)
Flourescein angiography
(i)
Free flourescein, which has leaked through the fenestration of the  

choriocapillaries, pools in the  sub-RPE space giving rise to an area of       

hyperflourescence.

       
(ii) 
The early phase of the angiogram shows the extent of the detachment.

       
(iii)
 The venous phase shows the increase in the intensity of the fluorescence as 

          dye pools under the detachment.

      
(iv)
 The late phase shows the margin of the detachment as well circumscribed , but 

         
there is no increase in the area of hyperflourescence.

(b) ICG angiogram
(i)
A well defined area of hyperflourescence beneath the pigment epithelial 

detachment.

(ii)
A ring of hyperflourescence staining the margin which becomes more prominent in late process.

(c)
Subsequent course

May follow one of the following patterns:

      (i) Spontaneous resolution without residue.

      (ii) Geographic atrophy of RPE following spontaneous resolution

      (iii) Detachment of sensory retina

      May occur as a result of a breakdown in the outer blood retinal barrier, allowing passage 

      of fluid in the subretinal space.

      (iv) Development of occult CNV in 30-60% of cases.

(v) Tear of the RPE which may occur at the junction of attached and detached RPE and is usually associated with CNV.

CHORIORETINAL NEOVASCULARIZATION
It is the growth of new choroidal vessels into the subretinal space through breaks in the Bruchs membrane.Ophthalmoscopically the CNV appears as a greenish-grey lesion, often with a detachment of sensory retina, subretinal blood and exudates. CNV’s are classified as the classic and the occult variety based on characteristics of flourescein angiography. An area of hyperflourescence with well demarcated borders in the early phase(a hazy network of vessels with classical or cartwheel pattern) and progressive dye leakage observing the boundaries of CNV in the late phase of angiography characterizes the  CNV.

Symptoms: Sudden loss/distortion/ blurring or central vision may herald the onset of leakage from CNV.

Signs:

1.
Occasionally, CNV may be detected clinically as a grey-green, or pinkish –yellow,slightly elevated, sub RPE lesion or variable size.If the membrane has broken into the subretinal space, it usually assumes a translucent, pale-pink ,or yellow-white appearance.

2.
Signs associated with leakage from CNV are serous retinal elevation, and subretinal blood or 

Pathogenesis

Histopathologically, CNV appears as a neovascular sprout growing under or through the RPE , through breaks in the Bruchs membrane. Usually this occurs in association with evidence of fibroblasts, myofibroblasts , lymphocytes and macrophages. Following penetration of the inner aspect of Bruchs membrane, the new vessels proliferate laterally between the RPE and Bruchs membrane. As these neovascular twigs   mature, they develop a more organized vascular system stemming from a trunk of  feeder  vessels off the choroid, as well as proliferation of fibrous tissue. The endothelial cells in the arborizing              neovascular tufts lack the barrier function of more mature endothelial cells. Hence these new vessels can leak fluid in the neurosensory, subsensory and RPE layers of the retina. Protein and lipids may accompany this process and precipitate in any layer of the retina.

(A) Classical CNV
Characterised by a well defined membrane which fills with dye in a ‘lacy’ pattern during the very early phase of dye transmit, fluoresces brightly during peak transmit and then leaks into the subretinal space and around the CNV within 1-2 min.

Classical CNV is classified according to its relation to the center of the Foveal      Avascular Zone (FAZ) as follows:

1.
Extrafoveal- more than 200microns  from the center of FAZ.

2.
Subfoveal- involving the center of FAZ either by extension from extrafoveal area or by originating directly under the center of the fovea. It has been shown that about 70% of CNV            to a subfoveal position within one year.

3.
Juxtafoveal closer than 200 microns  from the centre of the FAZ but not involving the center itself.

(B)  Occult CNV
It’s a poorly defined membrane which has less precise feature as the early frames           but gives rise to late leakage. ICG may be a useful adjunct to flourescein angiography in the following circumstances:

(a)
 Detection of occult or poorly defined CNV

(b)
 Distinguishing serous from Vascularised portions of a fibrovascular RPE detachment.

(c)
CNV associated with overlapping haemorrhagic pigment or exudates.

   
(d)
Recurrent CNV adjacent to an old photocoagulation scar

Three ICG angiographic features are described in occult CNV, they are

(i)
Focal spots- reported incidence being 29 %

(ii)
Plaques     - reported incidence being 61%

    
(iii) 
Combination of above two- reported incidence being 8%

Subsequent course

An eye with a CNV may develop any of the following complications:

1.
Haemorrhagic RPE detachment

2. 
Haemorrhagic sensory detachment

3.
Vitreous haemorrhage

4.
Subretinal scarring (disciform)

5.
Massive exudation

6. 
Exudative retinal detachment

Differential Diagnosis

1. 
CNV associated with ocular histoplasmosis syndrome

2. 
CNV associated with pathologic myopia

3.
 CNV associated with angiod streaks

4.
 Choroidal ruptures

5. 
Idiopathic

6. 
CSR

7. 
Pattern dystrophies of RPE (vitelliform)

Natural course

In the MPS (Macular Photocoagulation Study) 62% of untreated eyes with well defined, extrafoveal CNV lost six or more lines of visual acuity by 3 years of follow up. By 5 years this percentage was similar to 64%. For juxtafoveal lesion, 49% of untreated eyes had   or more lines of visual acuity by 3 years of follow up. For subfoveal lesions, The MPS reported that 48% of untreated eyes with well defined subfoveal CNV that was to include a component of classic CNV in which the entire lesion was < 3.5 MPS disc areas lost six or more lines of vision from baseline by 48 months.

Treatment    

Two treatment modalities, laser photocoagulation and photodynamic therapy are usually used to treat CNV in AMD

1.
Photocoagulation
 
Focal photocoagulation is indicated for well defined extrafoveal, juxtafoveal, and selected subfoveal CNV.  The primary goal of laser photocoagulation is complete obliteration of the CNV coupled with confluent burns of intensities sufficient for vessel closure, and the desired end point is uniform whitening of the overlying retina. Recurrent membranes are treated with similar laser parameters, used for extra, juxta and subfoveal membranes, but the treatment should extend 300 microns  into the previous treatment scar.

Preparation for laser treatment

(i) 
Before photocoagulation treatment, patients with a potentially treatable lesion should be informed that laser treatment will create a permanent blank area, or blindspot, corresponding to the area of retina to be treated. Those patients with subfoveal CNV should be told to likely expect an immediate decrease in visual acuity after treatment.

(ii)
Because laser treatment may cause haemorrhage or increase sensory retinal detachment during the immediate post operative period, any patient should be warned that he or she may experience increased distortion and decreased vision after treatment and this may persist for some weeks. 

(iii)
The ophthalmologist must emphasize that laser treatment is not a cure for AMD, rather laser photocoagulation treatment is designed to obliterate the neovascular complex and thereby reduce the additional risk of severe visual loss in the future.

(iv)
Topical anesthesia is often adequate unless the patient is extremely sensitive.In subfoveal lesions, peribulbar or retrobulbar anesthesia is preferred to stabilize the globe. Alternately, pressure against the globe applied through the hand held contact lens could be equally useful.

(v)
Pretreatment preparation includes a thorough clinical examination including       biomicroscopy, a good quality flourescein angiography and a fundus photography. However, the most useful and practical approach is a colour coded drawing of the lesion traced on a clear acetate overlay obtained from an appropriate flourescein angiography. The angiography should not be older than 72-76 hours.
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POST TREATMENT CARE

  It consists of : 1. Avoiding oral aspirin

                         2. Avoiding of lifting of heavy weights till the neovascular 



membrane is completely regressed

FOLLOW UP VISITS

At  06 weeks, 12 weeks and thereafter at an interval of 3-6 months.

COMPLICATIONS  

1.
Choroidal haemorrhage

2.
Macular pucker

3. 
Inadvertent treatment of foveola in extrafoveal or juxtafoveal lesions.

4. 
Delayed perfusion of choroidal vessels thought to result from vascular spasm is known to occur with krypton red laser.

5. 
Krypton red laser has also been known to cause RPE tears.

2.PHOTODYNAMIC THERAPY
PDT relies on photochemical injury to the vessel wall and selective damage to the target tissue while sparing the adjacent normal tissue. Since photocoagulation ablates both the CNV and the overlying neural retinal tissue, PDT could offer an effective therapeutic alternative. It involves the use of photoactivable compound (photosensitizer), which accumulates in and is retained by proliferating tissues. When this molecule is activated by light of appropriate wavelength, active form of oxygen and free radicals are generated, causing photochemical damage to the cells. Some chemical compounds are tested as photosensitizing agents in treatment in CNV. They are benzoporphyrin derivative (BPD-verteporfin),  thioethyl etiopuritin (SnETZ- Purlytin) and Lutetium texaphyrin (Lu-tec)

Technique

   
PDT requires two stages. First the photosensitizing dye is injected, and second a specific wavelength of light is thrown on a fixed spot for a predetermined time.

   
In the TAP (treatment of AMD with PDT) study using verteporfin, a diode laser at 690 nm with a slit lamp delivery system was designed to deliver 60 J/cm2 at an intensity of 600 mw /cm2 over 83 seconds. Verteporfin at a dose of 6 mg/m2   body surface area. 30 ml solution was injected IV over a period of 10 mins, and 5 mins,  after completion of infusion, the laser light was beamed for 83 sec to CNV lesion. Retreatments were done using similar parameters after 03 months in eyes for recurrebt CNV’s.

Result

   
The initial report has demonstrated PDT is followed by early closure of CNV secondary to AMD, reduction in macular edema, and exudation resulting in stabilization and even limited improvement of vision.

NEWER APPROACHES
1. Macular rotation surgery
   
Since the pathogenesis of AMD is not yet known it seems justified to replace the diseased submacular RPE either by transplantation of pigment cells or by relocation of the force to an adjacent area of intact RPE and choriocapillaries.

Technique:
   
In 1993 Machemer and Steinhorst suggested macular translocation to relocate the fovea on the intact RPE. The retina was detached by trans-scleral subretinal injection of fluid, followed by 360o peripheral retinotomy..The retina was then rotated around the optic disc under silicone oil for 10-45o.

   
Wolf et al use intraoperative perflourinated and semiflourinated liquid fluorocarbons to facilitate retinal translocation and retinal reattachment.

         Ninomiya et al confine the retinal translocation to  a temporal retinal flap thereby reducing the extent of retinotomy to 180o.

Result:

   
Post op recovery is gradual and usually it takes 6-12 months to reach the maximum visual acuity. In general vision improves more than 2 lines in 1/3 eyes, decreases by more than 2 lines in 1/3 eyes, and vision gets stabilized in the remaining patients. It appears that the reading vision can be improved or maintained only when surgery is performed within 4 months of loss of reading vision.

Complications:

1. 
Tilted image:
The angle of translocation may be as little as 10-15o following limited translocation , but cyclotropia can occur upto 50o or more after 3600 retinotomy.

2. 
PVR:

The rate of PVR was as high as 30% in the earlier series of Wolf et al and Eckardt et al. and Lewis believe that the large area of RPE exposure to the vitreous cavity as well as intraoperative seeding of RPE cells were significant risk factors for preretinal membrane formation. Consequently limited translocation avoided retinotomy altogether. The rate of PVR after limited translocation is around 4 %.

3. 
Recurrence of CNV:
 The rate of CNV recurrence is reported upto in 10% of eyes following the Machemer type of translocation.

4. 
Late macular oedema: 

It occurs in about 30 % of eyes. This complication is confined to the Machemer type of translocation. The mechanism of hypotony is unclear.

PHARMACOLOGIC THERAPY WITH ANGIOGENESIS INHIBITORS
Recombinant interface alpha 2a administered systemically is a weak inhibitor of angiogenesis that is commercially available. However, when tested in a randomized clinical trial, the treatment was found to be of no benefit and possibly therefore compared to placebo treatment.

RADIATION THERAPY

   
Radiation therapy has been proposed as an alternative treatment for exudative AMD because of the known radiosensitivity of vascular endothelial cells. In vitro studies have indicated that proliferating endothelium is particularly radiosensitive. Though the mechanism is unclear , it has been shown that a  single radiation of 5 Gy was sufficient to arrest 99% of cultured retinal endothelial cells.

Technique: There are two different techniques currently used:

1. 
Teletherapy: 
refers to delivery of radiation from a distance. The linear accelerator is the most commonly used device for teletherapy. It is the most commonly used approach.

2. 
Brachytherapy:

Refers to the use of sealed radioactive material to deliver the radiation at a short distance, Plaque brachytherapy uses isotopes to deliver radiation to a small field.

Result:

It is clear that the published results are not conclusive enough to correctly recommend radiotherapy in AMD outside the protocol of experimental treatment.A randomized controlled clinical trial is necessary to determine if a therapeutic window exists.

RPE TRANSPLANTATION
This treatment aims to replace the sick cells in the macular region which have lost their junction and adhesive matrix with the healthy cells. This ideally would lead to restoration of the foveal area and vision.

Turner and Blair transplanted fragments of  embryonic retina into the subretinal space. The formation of rosettes was described, but it was also demonstrated that parts of the transplanted retina could survive longer. However, most of the tissue lost its organization and degenerated after 4-5 months. del Cerro et al used a suspension of enzymatically dissolved retinal cells for subretinal transplants. These transplants showed a lower degree of organization than the fragments. Silverman and Hugh developed a transplant of gelatine – embedded photoreceptors, where the other layers were sheared off with a vibrotome. Primarily good  results were obtained , but reproducibility was difficult.

These experiments established the superiority of embryonic tissue , good differentiation of embryonic transplants and  absence of an acute immune reaction. The future of retinal transplantation will clearly depend on proven long lasting clinical success 

IMMUNOLOGIC ASPECTS OF RETINAL TRANSPLANTS

To  avoid immune reaction autologous material was considered for transplantation, thereby gaining some therapeutic benefit.  One disadvantage in autologous transplantation is that aged cells carrying the same genetic information are used.  The possible pigmented autologous materials are iris pigment epithelial cells are the RPE cells.    

tPA in submacular haemorrhage in AMD-CNV

Rationale

Extensive submacular haemorrhage, one of the worst complications of AMD, creates a large central scotoma and poor visual acuity.  Initial attempts to remove submacular blood involved vitrectomy, retinotomy and mechanical removal of the formed clot with intravitreal forceps.  Injection of tissue plasminogen activaor (tPA) into the subretinal space to lyse the clot  facilitated aspiration, but the tPA took as long as 45 minutes to achieve lysis and often the remaining clot necessitated forceps extraction.   Surgical complications, notably retinal detachment with Proliferative vitreo-retinopathy, were relatively frequent and significant

A simple technique that significantly reduces the complication rate while effectively removing the blood from the macula is pneumatic displacement of liquid subretinal blood.  The technique is similar to pneumatic retinopexy.


The combination of intravitreal injection of tPA and a gas bubble displaces liquefied blood away from the macula.  The original tPA dosage selected was 100 mg  for a concentration of 25 mg/ ml but cases of probable toxicity (from the arginine buffer) have been observed.   Many surgeons now prefer to inject a total dose of 25-33 mg.
Technique

The original technique was based on standard protocol for intravitreal injection, for example the, pneumatic retinopexy.  This included

-
Topical Benoxinate and retrobulbar or subconjuctival 2% lidocaine anaesthesia,

-
Irrigation of the conjunctival sac with 5% Providone iodine,

-
Anterior chamber (AC) paracentesis.

-
During the paracentesis, the eye is compressed gradually with a sterile cotton bud on the nasal conjunctiva and the pressure maintained after the needle has been removed.

-
Intravitreal injection of 25-mg in 0.1 ml of tPA (slowly) followed by a separate intravitreal injection of 0.3 ml of either SF6 or C3F8 as compression with the cotton bud is released.

-
Both intravitreal injection are 4 mm posterior to the limbus into the mid-vitreous cavity with 30 g needles.

-
The optic nerve head is then examined by an indirect ophthalmoscope to assess ocular perfusion.

-
If necessary, another paracentesis is performed after 5 minutes.

Evaluation of ARMD patients

Evaluation of ARMD patients includes slit lamp biomicroscopy with both macular noncontact and contact lenses.  The latter technique facilitates detection of subtle signs, such as shallow sub-retinal fluid.  Proper clinical examination supplemented with investigations help in complete evaluation of the disease and plan management.

Investigations that help in evaluation are:

· Fundus Fluorescein angiography (FFA)

· Indocyanine green (ICG) angiography

· Optical coherence tomogram (OCT)

· Multifocal electroretinography (MERG)

Fundus Fluorescein angiography:
Two basic angiographic patterns for choroidal neovascular membranes (CNVM) were defined by the macular photocoagulation study (MPS).

· Classic CNVM present as discrete, early hyperfluorescence with late leakage of 

          dye into the overlying neurosensoy retinal detachment.  A lacy pattern within the   

          CNVM is most often not observed in exudative AMD.

· Occult CNVM are categorized into 2 basic forms, late leakage of undetermined   

           source and fibrovascular PEDs.

· Late leakage of undetermined source manifests as regions of stippled or    

          ill-defined leakage into an overlying neurosensory retinal detachment   

          without a distinct source focus that can be identified on the early frames   

         of the angiogram.

· Fibrovascular PEDs present as irregular elevation of RPE, which is 

          associated with stippled leakage into an overlying neurosensory retinal    

          detachment in the early and late frames of the angiograms.

· Fibrovascular PEDs can be differentiated from serous PEDs, which show 

more rapid homogenous filling of the lesion in the early frames without leakage in the late frames of the angiogram.  Serous PEDs typically show smooth and sharp hyperfluorescent contours.  Other causes of RPE elevation to diffrentiate from the entites listed above include hemorrhagic PEDs, RPE hyperplasia, and confluent soft drusen.

· Hemorrhagic PEDs present clinically with dark sub-RPE blood, which  

blocks choroidal fluorescence on angiography..

· RPE tears will present as regions of intense hyperfluorescence in the area  

bereft of RPE due to late stages as scleral staining. This adjacent to fluorescence by the redundant scrolled RPE. CNVM may be associated with the RPE tear, causing leakage in addition to the above findings.

· Confluent soft drusen, which is often present in the fovea, typically show 

cruciate pigment clumping. Confluent soft drusen will show angiographic findings that are similar to serous PEDs with homogenous pooling of dye and no leakage, but they typically exhibit only faint fluorescence.

· Disciform scarring shows diverse angiographic characteristics.  Angiographically, the fibrotic component will block the choroidal fluorescence in the early frames of the angiogram, followed by late staining.  Hyperpigmented regions as well as subretinal hemorrhage will block the choroidal fluorescence throughout the angiogram.  Regions of active CNVM will show leakage.

Indocyanine green angiography


ICG facilitates the study of the choroidal circulation by better delineation of the choroidal circulation than Fluorescein.  Unlike Fluorescein, ICG is strongly bound to plasma proteins, which prevents diffusion of the compound through the fenestrated choroidal capillaries and permits better delineation of choroidal details.  ICG can facilitate visualization of choroidal vasculature and CNVM through hemorrhage.

ICG angiography can show CNVM as localized hot spots or as diffuse hyperfluorescent plaques. ICG could better reveal the occult CNVM with ICG angiography.  ICG is particularly useful in delineating the other variant of AMD, the Polypoidal choroidal Vasculopathy (PCV).  This disease thought to affect women in pigmented population, is now found in Asians with an almost equal predisposition among men and women.  The patterns of ICG fluorescence seen in PCV are: early phase filling of larger choroidal blood vessel and the network of polyps arising from the large choroidal blood vessels can also be identified; in late phase, reversal of the pattern is noted causing hypofluorescence in the center of the polyps.  Late staining seen in CNVM is not noted in PCV.  PCV in Indian population differ from those in other populations in being more common in males and in its macular location as compared to females and peripapillary location in western population.

Scanning laser ophthalmoscopy (SLO):


Confocal scanning angiography is a useful alternative to video-ICG angiography.  Advantages compared to routine digital ICG videoangiography are, high image contrast, visualization of retinal vessels in the late phase, lower amount of light exposure and direct digital image acquisition.  One group described the use of a 2-wavelength SLO to facilitate simultaneous recording of ICG and FA in 340 cases, two thirds of which had well-defined or occult choroidal neovascularization in ARMD.  The angiograms are displayed as one combined red-green picture.  They noted that this method allowed a precise comparison of the transit of both dyes through the circulation with perfect alignment of the critical retinal vascular landmarks provided by the Fluorescein images onto the ICG angiogram.


Some studies have shown fundus auto fluorescence with SLO imaging provides a reliable means to delineate areas of geographic atrophy (GA).  The automated image analysis allows more accurate detection and quantitative documentation of atrophic areas than manual outlining.  This method will be useful in longitudinal natural history studies and for monitoring effects of future therapeutic interventions to slowdown GA progression in patients with advanced atrophic AMD and other retinal diseases associated with outer retinal atrophy.


Optical coherence tomogram (OCT):

OCT comes very handy in complete evaluation of AMD.  Precise anatomical location of the CNVM is possible with OCT.  It is possible to localize whether it is sub RPE (type 1), or sub neurosensory retina (type 2).


CNVM appear as highly reflective band in the retina pre-RPE or sub-RPE depending on the location associated with subretinal fluid which, appear as optically empty space between RPE band and sensory retina on OCT.  Drusen may appear as areas of focal elevations of RPE, with shallow borders and no optical shadowing underneath.  Subretinal hemorrhage when present, appear as hyper reflective with ill defined borders.

Emerging technologies that may help in screening and diagnosis include.

· Spectral OCT:
Gives good resolution.

· Scanning laser ophthalmoscope with optical coherence tomography (SLO-OCT):
This takes coronal-like retinal images.


These technologies will likely enable OCT scans to be confidently registered within their exact retinal location.


Multifocal electroretinography (MERG):

This may be performed on the retinal to evaluate the functional response of rods and cones.  This test is not required for evaluation of AMD, but various authors have used it to follow the progression of the disease.

PATIENT EDUCATION AND REHABILITATION


Patient education is an extremely important part of management of patients with AMD.  All patients over the age of 50 that have drusen should be made aware of the importance of regular central visual acuity testing in each eye to facilitate early detection of CNV.  Although the Amsler grid is a useful tool, it is not particularly sensitive or specific; frequent changes in near or distance vision herald underlying neovascularization not detected by the patient on an Amsler grid. Therefore patients experiencing any change in vision in eyes at risk for neovascularization should be encouraged to contact their ophthalmologist promptly.  Although patients should be counseled about the risk of severe central visual loss, they also shoud be reassured that AMD almost never leads to total blindness.  Patients at risk should be informed that, in its more severe neovascular form, central visual tasks can be severly and permanently impaired.  In light of the therapeutic implications of prompt laser photocoagulation or photodynamic therapy,  the importance of quickly reporting new visual symptoms must be stressed to all patients.  At the same time, they should be reassured that no harm will come by continuing to read or perform routine visual tasks.  To the contrary, patients should be encouraged to continue reading and to pursue vigorously any visual activity that they enjoy.


Treatment does not end in the physician’s office when the diagnosis is established or when laser treatment or photodynamic therapy is applied. Visual rehabilitation forms an integral part of patient care in AMD.  Patients with central visual impairment should be evaluated and educated in the use of visual aids such as magnifiers.  Magnification and improved contrast sensitivity through bright illumination are particularly helpful.  To arrive at the best magnifying aid, one starts with a complete low visual evaluation.  In addition, the patient should be counseled on available low-vision materials such as large-print newspapers, magazines, and books.  Newspapers such as the New York Times and periodicals such as Reader’s Digest and Newsweek  are currently published in large-print editions.  The combination of bright illumination, powerful magnification, and large print type allows all but the most severely impaired patients to continue reading, albeit on a more limited scale.  Some patients with AMD may find the use of a closed-circuit television viewer helpful for reading.  This machine uses a projection device to magnify one or several words onto a television screen.  Unfortunately, this instrument is large and fairly expensive; thus it is generally purchased by people with sufficient economic means who use it primarily in one location such as at work or at home.  For those patients who are unable to take advantage of large-print materials or who can not use magnification devices, talking books or tapes are available.


Because AMD can place severe restrictions on many activities such as driving and rapid reading of small print, visual rehabilitation efforts are directed toward preserving the patient’s independence as much as possible.  Simple recommendations, such as using brightly colored utensils on a white or black background in the kitchen, as well as suggestions on improving existing lighting, can be of tremendous benefit.  Similar ideas aimed at increasing contrast may improve the quality of life for these patients.

CONCLUSION


In conclusion the prevalence of AMD is associated with age.  As the proportion of older people increases over time in both developed and developing countries, more aged individuals are likely to have AMD.  The socioeconomic impact is enormous.  No preventive treatment exists, but there are indications that micronutrient supplementation could delay or prevent AMD.  In the 1990s, laser photocoagulation was the only clinically proven treatment available, but it can benefit only a small proportion of selected individuals.  Today photodynamic therapy holds greater promise.  Newer surgical strategies such as macular rotation or translocation appears more benefical atleast in selected individuals.  Trials are also continuing for treatment of dry AMD.  The outcome of ongoing research on antiangiogenic drugs and gene thereapy is likely to substantially alter our approach to AMD in future.  With accumulation of experience and research result, we strongly believe that a rational, scientifically correct and individually tailored approach in treatment of CNV in AMD will be soon established.
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