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A prospective nonrandomized clinical study
on exudative age related macular degeneration
Introduction: Age-related macular degeneration (ARMD) is the leading cause of
irreversible blindness in individuals over 50 years in developed countries. The objective
was to study the various fundus fluorescein angiogram (FFA) patterns of exudative
ARMD and monitor the treatment response and the change in visual acuity, macular
thickness, angiographic patterns following intravitreal injection of bevacizumab and
to assess the systemic risk factors for exudative ARMD. Materials and Methods: This
prospective nonrandomized clinical study was carried out among 50 patients of ARMD
diagnosed by FFA and optical coherence tomogram (OCT) with best corrected visual
acuity of <6/24 (Snellen’s chart), Macular thickness by OCT, FFA was done before
and after giving injection of bevacizumab. Patients were asked for regular followup at 2 weeks, 4 weeks, 8 weeks, 12 weeks and 16 weeks. Results: Fifty-two
percent cases with classic choroidal neovascular membrane (CNVM) showed 1 line
improvement at the end of 2 months and 56% of cases showing 2 lines improvement
at 4 months. About 50% of occult CNVM showed more than 2 lines improvement
at 4 months. About 50% of Classic CNVM and 40% of occult CNVM showed
reduction in macular thickness of 50 μ at the end of 2 months, and 52% of both
CNVM types showed reduction of 100 μ at the end of 4 months. Conclusions: In
India ophthalmologists feel that AMD is an uncommon condition. By this study, we
proved that although its prevalence rate is low in India as compared with Western
countries, Indians are not immune from developing AMD.
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INTRODUCTION
Age related macular degeneration (ARMD) was responsible for 8.7% of all cases of blindness worldwide
in 2007, and this figure is expected to double by 2020 as a result of population ageing.[1] Senile macular
degeneration was first reported as a clinical entity in 1885 by Otto Haab. He described a variety of
pigmentary and atrophic changes in the macular region causing progressive impairment of central
vision in patients more than 50 years.[2] In the Framingham Eye study, an eye was considered to have
ARMD if pigment changes, drusen, retinal changes associated with choroidal neovascularization [Figure
1] in individuals over 50 years of age were thought to be responsible for visual loss to 20/30 or worse,
not as a result of cataract or other eye disease.[3] The National Eye Institute estimated that there may
be more than 16,000 new cases of legal blindness yearly from this disease.[4] The risk of developing
AMD is in excess of 35% by the age of 75, and is increased by a family history of the disease or
environmental factors such as cigarette smoking, nutritional deficiency, excessive sunlight exposure and
hypertension. It could also present as the late-onset of genetic disease, but age is the most significant
of all risk factors.[5] Women have higher prevalence rates than men.[6] The retinal pigment epithelium
(RPE), Bruch’s membrane and the choriocapillaries must function efficiently to serve as the nutritional
complex for the photoreceptors. In a normal eye, there are no deposits beneath the RPE.[7] The choroidal
neovascular membrane (CNVM) that originate from the choriocapillaries grow under the RPE and
retina through break in Bruch’s membrane. The new vessels can be stimulated by vascular endothelial
growth factor (VEGF) and tissue growth factors.[8] Studies have demonstrated that 54% of visible
vessels grow toward the fovea at the rate of 10-18 microns daily in a 3 weeks period. ARMD can be
nonexudative or exudative types [Figure 2]. Nonexudative or dry ARMD was most common type (90%)
of macular degeneration which was characterized by RPE changes and drusen (yellowish deposition
between RPE and Bruchs membrane) and geographical atrophy.[9] Exudative ARMD (10%) or wet
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ARMD characterized by CNVM, pigment epithelial detachment
(PED), disciform scar.[10] Based on fundus fluorescein angiogram
(FFA), CNVM can be divided into classic CNVM (well defined early
hyperfluorescence with late leakage) and occult CNVM (fibrovascular
PED and late leakage from undetermined source) [Figure 3].[11]
Exudative macular degeneration effectively managed with antiVEGF factors like - pegaptanib (Macugen), bevacizumab (Avastin),
ranibizumab (Lucentis). Laser photocoagulation, photodynamic
therapy (Verteporfin), pupillary thermotherapy are other options
for managing macular degeneration.[12] Current NICE guidelines
recommend ranibizumab as treatment for wet AMD if the patient
has all of the following criteria: The best possible visual acuity after
correction with glasses or contact lenses is between 6/12 and 6/96.
There is no permanent damage to the fovea. The area affected by
AMD is no larger than 12 times the size of the optic disc.[13] Although
ranibizumab and pegaptanib are the only two drugs with licensing
approval, bevacizumab, a recombinant humanized monoclonal
antibody against all VEGF-A isoforms, has shown considerable
promise as an off label treatment method. Trials have shown that
bevacizumab can penetrate through all layers of the retina, and it
has been used off license as AMD treatment to positive effect with
recordings showing reduced retinal thickening and improved visual
acuity.[14] We wanted to study the various FFA patterns of exudative
ARMD and monitor the treatment response and the change in visual
acuity, macular thickness, angiographic patterns following intravitreal
injection of bevacizumab and to assess the systemic risk factors for
exudative ARMD in South Indian population because majority of
the studies have been done in US and Europe. There were limited
studies about ARMD in developing countries like India.

Figure 1: Fundus shows Geographic atrophy and choroidal neovascular
membrane in the macula

MATERIALS AND METHODS
After Institutional Ethical Committee clearance, this prospective
nonrandomized study was done in Retina Clinic of Regional Institute
Ophthalmology Madras Medical College, Chennai during the period of
June 2007 to November 2009. About 50 patients selected by random
sampling technique who had CNVM attributable to ARMD diagnosed
by FFA and optical coherence tomogram (OCT) with best corrected
visual acuity (BCVA) of <6/24 were included in the study after
obtaining an informed written consent. Patients with nonexudative
ARMD, high myopia, chronic uveitis, diabetic retinopathy, hypertensive
retinopathy and mature cataract were excluded from the study. Vision in
both eyes was tested using Snellen’s visual acuity chart. Other materials
used were intraocular pressure measurement by Goldmann applanation
tonometer, anterior segment examination with slit lamp biometry,
fundus examination — pupil was dilated with 1% tropicamide dilating
eye drops, fundus examination was done with a direct ophthalmoscope,
indirect ophthalmoscope, slit lamp with + 90D lens and Goldmann 3
mirror. Fundus photograph was taken with Topcon fundus camera.
FFA was done with 3 ml of 20% sodium flourescein injection
intravenous in dorsal vein of the hand with patient seated in front
of the fundus camera. OCT was done [Figure 4]. A commercially
available bevacizumab (1.25 mg/0.05 ml) was prepared for each patient
and placed in a tuberculin syringe using aseptic techniques. After

Figure 2: Exudative age related macular degeneration in the macula
with corresponding increased macular thickness (450 μ) in optical
coherence tomogram

Figure 3: In fundus fluorescein angiogram classic choroidal
neovascular membrane shows lacy pattern of hyperfluorescence in
early phase and increase intensity in mid phase and leaks in the late
phase obscuring the boundaries
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the eye had been prepared in a standard fashion using 5% povidone
iodine and topical antibiotics, 1.25 mg (0.05 ml) of bevacizumab was
injected intravitreally via the parsplana. After the injection, intraocular
pressure and retinal artery perfusion were checked, and patients were
instructed to administer topical antibiotics for 3 days. Patients were
called 2-3 days after injection and were re-examined within 1 week.
All the patients were asked for regular follow-up at 2 weeks, 4 weeks,
8 weeks, 12 weeks and 16 weeks. At each visit patients were checked
for intraocular pressure, BCVA (Snellen’s chart), macular thickness by
OCT (SPECTRAL). Changes in fluorescein angiogram patterns in the
form of reduction in size of the lesion and decrease in leakage were
considered. The results were analyzed using SPSS software.

RESULTS
A total of 50 patients were studied during June 2007 to November
2009. Among them, 74% were above the age of 60 years, and the
remaining 26% were below 60 years. The ratio of male to female
in our study was 2.3:1. About 94% of the patients had bilateral
involvement although both eyes were affected asymmetrically.
More than 60% of the patients were chronic smokers; 66% had
hypertension. Forty-four percent had nonspecific cardiac ailments,
and 10% had diabetes [Table 1]. Most of the patients reported
late to the hospital-44% of the patients reported between 4 and
6 months and 32% between 7 and 12 months. About 30% of the
patients presented to us very late in the course of the disease,
when the vision was <1/60; 40% had the vision between 2/60
and 4/60 and rest 30% had vision between 5/60 and 6/24. FFA
showed 68% of patients were with classical angiographic type with
CNVM, 24% patients were occult type, 6% of patients were PED,
and 2% patients were disciform scar type. About 22% of patients
were with macular thickness more than 350 μ, 46% of patients
with between 250 and 350 μ, 28% with 201 and 250 μ, 4% between
150 and 200 μ and there were no patients with macular thickness
<150 μ [Table 2]. Follow-up period ranged from 2 to 16 weeks.
All 50 patients completed a 16 weeks follow-up visit. About 52%
cases with classic CNVM showed 1 line improvement in Snellen’s
chart at the end of 2 months and 56% of cases showing 2 lines
improvement at the end of 4 months. About 2% patients showed no
improvement, and it was found to have CNVM with scar formation
[Table 3]. At the end of 2 months 24% of CNVM showed leakage

Figure 4: Occult choroidal neovascular membrane in optical
coherence tomogram
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in the fluorescein angiography and 6% showed leakage at the end
of 4 months [Table 4]. The qualitative assessment of the OCT
showed marked reduction in subretinal fluid (SRF) and cystic edema
1 month after injection [Figure 5]. The earliest sign of reduction
was the disappearance of SRF. About 50% of classic CNVM and
40% of occult CNVM showed reduction in macular thickness of
50 μ at the end of 2 months, and 52% of both CNV types showed
reduction of 100 μ at the end of 4 months [Table 5].

Table 1: Systemic risk factors in patients
with ARMD (n = 50)
Risk factors
Hypertension
Cardiac ailments
Diabetes

n (%)
33 (66)
22 (44)
05 (10)

ARMD = Age-related macular degeneration

Table 2: Macular thickness by optical coherence
tomogram (n = 50)
n (%)
—
2 (04)
14 (28)
23 (46)
11 (22)
50 (100)

Macular thickness (μ)
100-150
151-200
201-250
251-350
>350
Total

Table 3: Improvement in visual acuity after giving
injection bevazimumab (n = 50)
Improvement
of visual acuity
No change
1 line
2 lines
>2 lines
Total

At 2 months n (%)

At 4 months n (%)

06 (12)
26 (52)
14 (28)
04 (08)
50 (100)

04 (08)
13 (26)
28 (56)
05 (10)
50 (100)

Figure 5: Optical coherence tomogram shows macular thickness before
and after injection of bevazimumab
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Table 4: Angiographic patterns after giving
injection bevazimumab
Number of cases
with leakage
Classic CNVM
Occult CNVM
PED
Disciform scar

At 2 months n (%)

At 4 months n (%)

12 (24)
04 (08)
03 (06)
01 (02)

03 (06)
—
03 (06)
01 (02)

CNVM = Choroidal neovascular membrane, PED = Pigment epithelial detachment

Table 5: Reduction in macular thickness after
injection bevazimumab (n = 50)
Reduction in macular
thickness (μ)
Up to 50
51-100
101-150
151-200
>200
No change
Total

At 2 months n (%)

At 4 months n (%)

22 (44)
14 (28)
04 (08)
—
—
10 (20)
50 (100)

10 (20)
17 (34)
11 (22)
05 (10)
—
07 (14)
50 (100)

DISCUSSION
The predominant age group was 61-70 years (42%), followed by
71-80 years (28%) and 55-60 years (26%); two patients (04%)
between the age of 81 and 90 years were affected. This low incidence
could be explained by the decreased life span of people in India.
The ratio of males to females was 2.3:1. In other studies females
out-numbered males.[13] The lower prevalence rate in women in our
study could probably be explained by the fact that in developing
countries females are usually housewives. They are not aware of
their diminished vision as they do not do fine jobs which require
good vision. There was bilateral involvement in 94% of the patients.
Among the three patients (6%) who presented with unilateral
involvement, two patients (4%) had right eye involvement, and
one patient (2%) had left eye involvement. This exemplifies the
fact that AMD is a bilateral, although asymmetrically affecting
both eyes. Sixty four percent of the patients were chronic smokers.
According to Stephen Ryan, a definite association exists between
AMD and cigarette smoking. This correlation needs elaborate study
to explain the pathophysiology of the affection.[15] Though there
was association of AMD and hypertension in 66% in the present
study, according to study by Hyman et al. conflicting results have
appeared.[16] Most of the cases showed no change in visual acuity
in 2 weeks, but about 52% cases with classic CNVM showed 1 line
improvement at the end of 2 months and 56% of cases showeding
2 lines improvement at the end of 4 months which correlates with
Rich, Rosenfeld et al. About 50% of occult CNV showed more than
2 lines improvement at 4 months which is in par with Geitzenauer
et al., Klin Monatsbl Augenheilkd. At the end of 4 weeks, 50%
of both occult and classic types showed leakage and at the end
of 4 months no cases of occult CNVM showed leakage which
supports the study of Aiesenbrey et al. Graefes one patient of FFA
showeds leakage with staining at the end of 4 months because of

macular scarring. About 50% of classic CNV and 40% of occult
CNV showed reduction in macular thickness of 50 μ at the end of
2 months, and 52% of both CNV types showed reduction of 100 μ
at the end of 4 months, which correlates well with the study of
Moschos. About 2% patients showed no improvement and he it was
found to have CNVM with scar formation. This finding correlates
with the study in Western countries about 44% of the patients in
our study had nonspecific cardiac ailments. Most of the patients had
nonspecific angina.[17] Hence, cardiologist opinion was obtained for
all the cardiac patients before giving avastin injection. Five patients
(10%) were found to have diabetes mellitus. A limitation of this
study was small sample size. In further studies, we can compare
with two anti VEGF agents and benefits from both and with higher
sample size.

CONCLUSION
The incidence of AMD was high above the age of 60 years. The sex
incidence in our study revealed that males were more affected than
females (ratio 2.3:1) which did not correlate with the existing studies
as many women fail to notice the detoriation of vision and report to
the hospital. The Amsler grid chart is one of the useful diagnostic
test for follow-up, and patient can monitor their vision with that at
home. Hypertension (66%) and cardiovascular disease (44%) were
found to be the common systemic diseases associated with AMD.
Due to the old age patients were finding it difficult for a regular
visit to the hospital and they did not come for regular follow-up. In
India, ophthalmologists feel that AMD is an uncommon condition.
By this study we proved that although its prevalence rate is low in
India compared to Western countries, Indians are not immune from
developing AMD.
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