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ABSTRACT

Diabetic retinopathy, one of the leading causes of blindness for diabetic patients between the ages of 20
and 74. The clinical research provides control of blood glucose and blood pressure substantially reduces
the risk of blindness due to diabetic retinopathy, many patients develop this eye disease and are at risk
for serious vision loss, sometimes even despite outstanding metabolic control. Diabetic retinopathy

occurs when high blood glucose damages the micro blood vessels in the retina which leads to leakage of
small amounts of blood, serum, blood fats and blood proteins proliferates to vision loss and formation
of scar tissue. Here the retinal laser therapy also called as laser photocoagulation has greatly reduced
the number of patients who lose vision to Diabetic retinopathy. Laser photocoagulation refers to the
precise and concentrated application of high energy light, typically of a single wavelength called
monochromatic light.
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DIABETIC RETINOPATHY

Diabetic retinopathies the most common
diabetic eye disease, occurs due to change in
the retinal blood vessels. Sometimes these
vessels swell and leak fluid or even close off
completely. Usually it affects both eyes. People
who are having this often don't notice changes
in their vision in the early stages of disease. But
as the disease progresses, usually causes vision
loss that in many cases cannot be reversed.

LASER PHOTOCOAGULATION M2

Laser photocoagulation surgery is used to treat
a number of eye diseases and has become
widely used in recent decades. During the
procedure, a laser is used to finely cauterize
ocular blood vessels to attempt to bring about

various Therapeutic benefits™.

In diabetic retinopathy it is done to reduce the
risk of vision loss. This involves directing a high-
focused beam of light energy to create a
coagulative response in the target tissue. In
non-proliferative diabetic retinopathy (NPDR),
laser photocoagulation is indicated in the
treatment of clinically significant macular
oedema.

EPIDEMIOLOGY™!

Diabetic retinopathy is the leading cause of new
blindness in persons aged 25-74 years in the
United States. Approximately 700,000 persons
in the United States have proliferative diabetic
retinopathy, with an annual incidence of
65,000. A recent estimate of the prevalence of
diabetic retinopathy in the United States
showed a high prevalence of 28.5% among
those with diabetes aged 40 years and older.
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There are two types of diabetic retinopathy:

TYPES OF DIABETIC RETINOPATHY

1. Nonproliferative diabetic retinopathy
(NPDR)* !

Non-proliferative diabetic retinopathy (NPDR) is
the earliest stage of diabetic retinopathy. With

this condition, damaged blood vessels in the
retina begin to leak extra fluid and small
amounts of blood into the eye. Sometimes,
deposits of cholesterol or other fats from the
blood may leak into the retina. NPDR can cause
changes in the eye, including:

a. Micro aneurysms |:r> b. Retinal haemorrhages |:3> c. hard exudates
|:’|> d. Macular oedema e. Macular ischemia :';..\'

a. Small bulges in blood vessels of the retina
that often leak fluid.

b. Tiny spots of blood that leak into the retina.
c. Deposits of cholesterol or other fats from the
blood that have leaked into the retina.

d. Swelling or thickening of the macula caused
by fluid leaking from the retina's blood vessels.
The macula doesn't function properly when it is
swollen. Macular oedema is the most common
cause of vision loss in diabetes.

e. Small blood vessels (capillaries) close. Your
vision blurs because the macula no longer
receives enough blood to work properly.

Many people with diabetes have mild NPDR,
which usually does not affect their vision.
However, if their vision is affected, it is the
result of macular oedema and macular
ischemia.

2. Proliferative diabetic retinopathy (PDR)™ !

Proliferative diabetic retinopathy (PDR) mainly
occurs when many of the blood vessels in the
retina close, preventing enough blood flow. In
an attempt to supply blood to the area where
the original vessels closed, the retina responds
by growing new blood vessels. This is called
neovascularisation. However, these new blood
vessels are abnormal and do not supply the
retina with proper blood flow. The new vessels
are also often accompanied by scar tissue that
may cause the retina to wrinkle or detach. PDR
may cause more severe vision loss than NPDR
because it can affect both central and
peripheral vision. PDR affects vision in the
following ways:

Delicate new blood vessels bleed into the vitreous, the gel in the centre of the eye
preventing light rays from reaching the retina. If the vitreous haemorrhage is small,

Vitreous

you may see a few dark floaters. A very large haemorrhage might block out all vision,

haemorrhage: | allowing you to perceive only light and dark. Vitreous haemorrhage alone does not
cause permanent vision loss. When the blood clears, your vision may return to its
former level unless the macula has been damaged

Traction retinal | Scar tissue from neovascularisation shrinks, causing the retina to wrinkle and pull
detachment: [from its normal position. Macular wrinkling can distort your vision. More severe vision
loss can occur if the macula or large areas of the retina are detached.
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Neovascular
glaucoma:

If a number of retinal vessels are closed, neovascularisation can occur in the iris. In
this condition, the new blood vessels may block the normal flow of fluid out of the
eye. Pressure builds up in the eye, a particularly severe condition that causes damage
to the optic nerve. When blood sugar levels are too high for extended periods of time,
it can damage capillaries that supply blood to the retina. Over time, these blood
vessels begin to leak fluids and fats, causing oedema. Eventually, these vessels can
close off, called ischemia. These problems are signs of non-proliferative diabetic
retinopathy (NPDR).

Different sites of diabetic occurrence in retina:

Normal Background DR Non-proliferative DR

Reference # 11

Signs &Symptoms °!;

- Blurred vision, Sudden loss of vision in one
eye, Seeing rings around lights, Dark spots or
flashing lights

- It is also important to note that pregnancy and
high blood pressure may aggravate diabetic
retinopathy.

Pathogenesis of Diabetic retinopathy'”:

1, Basement membrane--.
thickening 3

2. Endothelial cell ——--—-
damage

3. R.B.C. changes- - ——-

4. Platelet stickiness-—---
increased

/

OCCLUSION

Normal retina Diabetic retina

Reference 711
Causes™:

People with untreated diabetes are 25 times
more at risk for blindness than the general
population. The longer a person has had
diabetes, the higher the risk of developing
diabetic retinopathy. Fortunately, with regular,
proper eye care and treatment when necessary,
the incidence of severe vision loss has been
greatly reduced. If you have diabetes, your
ophthalmologist can help to prevent serious

vision problems.

Reference = 11

N\

LEAKAGE

"SR
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\//

Loss of pericytes
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Diagnosism:

Laboratory studies of HbAlc levels are
important in the long-term follow-up care of
patients with diabetes and diabetic retinopathy.
Imaging studies used in the diagnosis of diabetic
retinopathy include the following:

- Fluorescein angiography: Micro aneurysms
appear as pinpoint, hyperfluorescent lesions in
early phases of the angiogram and typically leak
in the later phases of the test.

- Optical coherence tomography scanning:
Administered to determine the thickness of the

retina and the presence of swelling within the
retina, as well as vitraeo-macular traction.

- B-scan ultrasonography

Risk Factors®[®

- Poorly-controlled diabetes

- High blood pressure

- Long-term duration of diabetes

- Elevated blood cholesterol levels
- Sleep apnea

Different diagnostic retina showing signs of diabetic retinopathy:

Reference #11 Reference =11 Reference #11 Reference #11
Fundus photograph of Retinal findings in An area of New vessel formation on
early background diabetic background diabetic neovascularisation that | the surface of the retina
retinopathy showing retinopathy, including leaks Fluorescein on (neovascularisation
multiple micro blot haemorrhages (long angiography elsewhere)

aneurysms. arrow), micro aneurysms
(short arrow), and hard

exudates (arrowhead).

Reference 11 Reference =11 Reference 11 Reforence # 11
Pre-proliferative diabetic Proliferative diabetic Diabetic Retinopathy Fluorescein angiogram
retinopathy with extensive retinopathy with new recently treated with | demonstrating foveal dyve

haemorrhages and vessel formation laser photocoagulation leakage caused by

exudate formation and a macular oedema
pre-retinal (subhyaloid)

haemorrhage.
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TREATMENT AND DRUGS MANAGEMENT

Primary preventionm 71ts]

Glycaemic control

Optimal glycaemic control (usually aiming to bring HbA1lc
levels to <7%, ideally around 6.5%) is associated with

improved long-term outcomes and delayed progression of

retinopathy. However, in some cases, particularly with
pre-proliferative and proliferative retinopathy, intensive
glycaemic control (e.g. HbAlc at 6.0%) can initially bring
on a decompensation and worsening of symptoms and
signs and is also associated with increased mortality.
Pioglitazone should be avoided in the presence of macula
oedema.

Lipid control
Lipid-lowering therapy has been shown to reduce the risk
of progression of diabetic retinopathy, particularly
macular oedema and exudation. Consider adding
fenofibrate to a statin for non-proliferative retinopathy in
type 2 diabetes. A healthy, balanced diet and exercise
should be discussed with the patient. The Fenofibrate
Intervention and Event Lowering in Diabetes (FIELD) study
was more promising, showing that fenofibrate, a lipid-
lowering fibrate, reduced the need for laser treatment of
sight-threatening DR (either for macular oedema or
proliferative retinopathy) by 31% over five years.

Blood pressure control

Good control of blood pressure (target: 140/80 mm Hg
or lower) reduces the progression of DR significantly
and is associated with a 32% reduction in diabetes-
related deaths. If possible, aim for systolic <130 mm Hg
in those with established retinopathy and/or
nephropathy. Specific therapies blocking the renin-
angiotensin system (RAS) may have additional benefits,
particularly for mild retinopathy, but should be
discontinued during pregnancy.

Smoking cessation
The Diabetic Retinopathy Candesartan Trials (DIRECT)
looked at the effect of candesartan, an angiotensin-I|
receptor antagonist, on these patients and found
somewhat equivocal results. In patients with type 1
diabetes, there was a modestly reduced incidence of
retinopathy by 18% but there was no effect on the
progression of existing retinopathy. In patients with
type 2 diabetes, there was a significantly increased
regression of existing retinopathy by 34% and
progression was reduced by 13% (this last finding was
not statistically significant

Treatment for diabetic retinopathy depends on the stage of the disease and is directed at trying to slow
or stop the progression of the disease. In mild cases, treatment for diabetic retinopathy is not necessary.
Regular eye exams are critical for monitoring progression of the disease. Strict control of blood sugar
and blood pressure levels can greatly reduce or prevent diabetic retinopathy. In more advanced cases,
treatment is recommended to stop the damage of diabetic retinopathy, prevent vision loss, and

potentially restore vision.
Treatment options include®® %

Anti-VEGF therapy (Avastin, Lucent is, Eylea)
Anti-VEGF therapy involves the injection of the

Intraocular steroid injection

Intraocular steroid injection is a treatment for diabetic

medication into the back of your eye. The medication is | macular oedema. This therapy helps reduce the amount

an antibody designed to bind to and remove the excess

of fluid leaking into your retina, resulting in visual

VEGF (vascular endothelial growth factor) present in the | improvement. Due to the chronic nature of diabetic eye

eye that is causing the disease state. The FDA has
approved Lucent is for macular oedema and additional
treatment options include Avastin and Eylea.
Laser surgery
Laser surgery is often helpful in treating diabetic
retinopathy. To reduce macular oedema, a laser is
focused on the damaged retina to seal leaking retinal

disease, this treatment may need to be repeated or
combined with laser therapy to obtain maximum or
lasting effect.
Vitrectomy
Vitrectomy may be recommended in advanced
proliferative diabetic retinopathy. During this
microsurgical procedure that is performed in the
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vessels. For abnormal blood vessel growth operating room, the blood-filled vitreous is removed and
(neovascularisation), the laser treatments are delivered |replaced with a clear solution. Your ophthalmologist may
over the peripheral retina. The small laser scars that wait several months to a year to see if the blood will
result will reduce abnormal blood vessel growth and help| clear on its own before going ahead with surgery. In
bond the retina to the back of your eye, thus preventing |addition to a Vitrectomy, retinal repair may be necessary
retinal detachment. Laser surgery may be performed in | if scar tissue has detached the retina from the back of
your ophthalmologist's office or in an outpatient clinic. your eye. Severe loss of vision or even blindness can
Laser surgery can greatly reduce the chance of severe | result if surgery is not performed to reattach the retina.

visual impairment.

Retinal laser photocoagulation treatment!*”

Photocoagulation involves protein denaturation
and is the result of tissue absorption of radiant
energy with conversion to heat™ ™. It should
not to be confused with photo-disruption and
photo-ablation, which entail distinct molecular
reactions and are utilised more commonly in
the anterior segment and for refractive eye
surgery. While photocoagulation is possible
using visible light, the invention of Ilaser
revolutionised retinal therapy by facilitating
more precise, reliable and less painful
application of photocoagulation. Its
effectiveness and non-invasive methods of
application have made laser photocoagulation
the standard of care for many retinal
conditions.

Laser Wavelengths in Laser Photocoagulation:

Photocoagulators produced light comprised of
various wavelengths within the visible and
infrared spectrum. Hence, full thickness retinal
burns were achieved rather than tissue specific
burns that were later made possible by laser
photocoagulators™. The first ophthalmic laser
was the ruby laser, invented by Maimann in
1960. In addition to its efficacy in controlling
PDR, this solid-state laser was more compact
and reliable than its predecessor the xenon-arc
coagulator. Then in 1968, L’Esperance
introduced the argon laser which led to the

widespread use of ophthalmic laser
photocoagulation!).

Clinical Applications of Laser Photocoagulation
[12] [16]:

- Diabetic Retinopathy is categorised into non-
proliferative diabetic retinopathy(NPDR) and
proliferative diabetic retinopathy (PDR).

- NPDR is characterised by varying degrees of
microaneurysms, retinal haemorrhages, hard
exudates, cotton wool spots, macular oedema,
venous beading and loops, intra-retinal
microvascular abnormalities, and capillary non-
perfusion.

- New vessel formation is the hallmark of PDR
and is usually found in conjunction with variable
degrees of the above features. These vessels
are fragile and associated with fibrosis and
traction. If allowed to proliferate, there is an
increased risk of vitreous haemorrhage and
retinal detachment.

- Diabetic macular oedema (DMO) can occur at
any stage of DR and is the leading cause of
severe visual morbidity in diabetic patients!”..

- Retinal thickening is a consequence of
accumulated fluid originating from leaking
microaneurysms and diffuse capillary leakage.
Leaking microaneurysms can be treated with
focal laser, while diffuse capillary leakage
requires application of macular grid laser, which
spares the foveal avascular zone.

[12]

Common retinal conditions treated with types of lasers

Retinal condition [12] [18] [19]

Laser therapy

Panretinal photocoagulation (PRP) involves 1000-2000
laser burns to the peripheral retina. Subsequent

Proliferative diabetic retinopathy (PDR)
New abnormal retinal vessels with varying degrees of
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microaneurysms, haemorrhages, hard exudates,
cotton wool spots.

Diabetic macular oedema (DMO)
Leaking microaneurysms or diffuse capillary leakage
cause retinal thickening.
Macular oedema in branch retinal vein occlusion

(BRVO)

Oedema develops due to increased capillary

permeability and release of angiogenic growth factors

after BRVO

Central retinal vein occlusion (CRVO)
Obstruction of venous outflow can result in retinal
haemorrhages, oedema and ischaemia.

Retinal tears

The site of fluid egress that results in rhegmatogenous

retinal detachment
Retinopathy of prematurity (ROP)
Proliferative retinopathy affecting premature infants
exposed to high oxygen concentrations. Abnormal
vessel growth is present at the junction between

immature avascular peripheral retina and vascularised

posterior retina.

Leaking arterial macroaneurysms
Dilatation of the retinal arteries that can lead to fluid
leakage or haemorrhages.

Retinal ischaemia due to vasculitis, retinal vein or
arterial occlusion
Retinal hypoxia can result in increased angiogenic
growth factor expression, which stimulates
neovascularisation of the retina, disc and iris. These
can progress to vitreous haemorrhage or neovascular
glaucoma.

Laser Delivery in treating with Laser
Photocoagulationm] 8],
Laser photocoagulation can be applied to the
retina viaseveral routes.

- The most common is trans-pupillary laser

either performed on slit lamps through
specialised contact laser lenses, or with
binocular indirect ophthalmoscopy through

non-contact lenses.
- The latter is useful for peripheral retinal
lesions as this apparatus offers a wider field of

regression of neovascularisation reduces the chance

of vitreous haemorrhage and tractional retinal
detachment.

Focal laser targets leaking microaneurysms. Macular

grid laser targets diffuse capillary leakage.
The foveal avascular zone is not lasered

Macular grid laser as for DMO

Chorioretinal venous anastamosis is achieved through

targeted laser photocoagulation that allows venous

blood to bypass the site of obstruction and enter the
choroid. PRP can be done if neovascularisation occurs

Retinopexy is performed by laser application around

the break to seal retina to RPE and choroid

Laser is applied to avascular retina to retard further
growth of abnormal vessel into this region. This

prevents traction and subsequent retinal detachment

Laser photocoagulation applied to or surrounding the

macroaneurysm causes it to thrombose or sclerose
thus reducing exudation and risk of haemorrhage

Laser ablation of hypoxic retinal tissue reduces the
release of angiogenic growth factors that stimulates
neovascularisation.

view.

- Laser can also be transmitted via fibreoptics to
an endolaser probe for intraocular delivery
during vitreo-retinal procedures.

- Contact probes are also available for trans-
scleral application.

- Another sub-threshold laser system, Retina
Regeneration Therapy (Ellex 2RT, Ellex Medical
Lasers, Atlanta) is currently being evaluated.
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The Mechanism of Retinal Photocoagulation?”

Oxygen plays an important role in the
treatment of an ischaemic disease. Diabetic
retinopathy and retinal vein occlusions are
ischaemic diseases, characterised by capillary
non-perfusion and a lack of blood flow and
oxygen. The ischaemic hypoxia stimulates the
production of cytokines such as vascular
endothelial growth factor (VEGF), resulting in
neovascularisation and oedema formation.
Traditional laser photocoagulation of the retina
simply destroys some of the photoreceptors,
reduces the oxygen consumption of the retina
and re-establishes a balance between the
oxygen supply and demand.
Pan-retinal Photocoagulation®” (211
It is clinical practice to deliver mild to moderate
laser burns that produce a light grey spot on the
retina. Such a mild to moderate laser
application will coagulate the retinal pigment
epithelium and the adjacent photoreceptors,
but leave the inner retina intact®. The
photoreceptors use more oxygen than most
cells in the body and destroying them is an
effective way of reducing the oxygen
consumption of the retina.

A typical pan-retinal photocoagulation pattern
of about 1,200-1,500 burns of 0.5mm diameter
may reduce the number of photoreceptors and
the oxygen consumption of the outer retina by
approximately 20%Normally, oxygen from the
choroid does not reach the inner retina in
humans; however, this is no longer true if the
photoreceptor shave been destroyed and the
outer retinal oxygen consumption dramatically
decreased.

The oxygen flux from the choroid can now
penetrate the outer retina without being
consumed and can reach the inner retina,
where it elevates the oxygen tension'?? ?*land
improves hypoxia (see Fig.A)This extra supply of
oxygen to the inner retina compensates for the
reduced supply by the retinal circulation.
Hypoxia is corrected and the production of
hypoxia-induced cytokines such as VEGF is
normalised® ! (see Fig. B). Hypoxia is the
natural stimulant for VEGF, and
neovascularization and correction of this
hypoxia by laser treatment is a perfect way to
stop this process.

Fig A: Schematic Drawing Showing Oxygen Flow from Choroid Through Laser Scar into the Inner
Retina

[26]

:_.E’ Reference=l )

The oxygen flux is represented by
a black arrow, coming from the
choroid and passing through a laser
scar into the inner retina. In the
laser scar photoreceptors are
replaced by glia and the oxygen
consumption is decreased. The
oxygen flux from the choroid
would normally be consumed by
the photoreceptors, shown by the
green arrow. As the oxygen
consumption of the glia is less than
that of photoreceptors, the oxygen
flux reaches the inner retina.
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Fig B: Flow Diagram Explaining the Effect of Retinal Laser Treatment on Retinal Oedema and

Neovascularisation

Light absorption in mefanin in
retinal pigment epithelium and
thermal coagulat on of RPE cells

and adjacent photoreceptors

Decreased oxygen consumption
of outer retina in laser scars
(photoreceptors replaced by glia)

Choroidal oxygen diffuses
through laser scars
and reaches inner retina

Increased oxygen tension of inner retina

Autoregulatory
arteriolar
vasoconstnction

Decreased VEGF
production

Decreased
hydrostatic pressure
in capillaries
and venules

Decreased Decreased
endothelial permeability
proliferation of vessels

Decreased water flux from
vascular to tissue compar tment
{Starling’s law)

Decreased Decreased
neovascularisation oedema formation

Reference=20

RPE = retinal pigment epithelial; VEGF = vascular endothelial growth factor. This schematic flow diagram explains the
mechanism of effect of retinal photocoagulation on retinal neovascularisation and macular oedema in diabetic retinopathy and
other ischaemic retinopathies

Prognosis'®: - Well-defined leakage
* Prognostic_factors that are favourable for - Good peritoneal perfusion
visual loss

- Criminate exudates of recent onset
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* Prognostic factors that are unfavourable for
visual loss

- Diffuse oedema/multiple leaks

- Lipid deposition in the fovea

- Macular ischemia

- Cystoid macular oedema

- Preoperative vision of less than 20/200

- Hypertension

- The treatment of diabetic retinopathy has
tremendous costs, but it has been estimated
that this represents only 1/8th of the costs of
Social Security payments for vision loss. This
cost does not compare to the cost in terms of
loss of productivity and quality of life.

- The Early Treatment for Diabetic Retinopathy
Study has found that laser surgery for macular
oedema reduces the incidence of moderate
visual loss from 30% to 15% over a 3-year
period.

CONCLUSION

Retinal laser therapy is useful for minimizing
fluid leakage from damaged blood vessels in the
macula. It is done by cauterizing the leaky
vessels. This retinal laser therapy applied to the
macula to reduce the risk of substantial
worsening of vision from significant diabetic
macular oedema (DME). It is performed in a
right time in patients who have excellent vision
when diagnosed. Laser therapy causes
regression of the abnormal blood vessels found
in proliferative diabetic retinopathy (PDR). The
literature showed that one to several thousand
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the risk of severe vision loss. It is thought that
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